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NEW BOOKS OF SCIENTIFIC INTEREST 


Introduction to Ferro-magnetism. fF. BITTER. 
Illustrated. xi+314 pp. $4.00. McGraw-Hill. 


The object of the book is to describe the outstand- 
ing properties of ferromagnetic substances and espe- 
cially to correlate as many of these properties as pos- 
sible. The mathematical sections are prefaced with 
illustrations of how the results may be obtained in 
some cases by more elementary methods. 


Energy and Matter. CHARLES B. Bazzont. Ilus- 
trated. viii+143 pp. $1.00. University Society. 





This is the second revision of the physics volume in 
the University (Highlights of Modern Knowledge) 
Series. The author attempts to emphasize the chang- 
ing state of our opinions as the experimental work, 
basis of our knowledge, is pushed forward. 





Camera Lenses. ARTHUR LOCKETT. Illustrated. 
ix+113 pp. $1.00. Pitman. 


The author’s endeavor has been to explain simply 
and clearly, both for amateur and professional, the 
underlying principles of the camera lens—how to 
choose it for special purposes, how to use it to the 
best advantage, and how to keep it in good condition. 


Lost Flights of Gustave Whitehead. SreLia 
RANDOLPH. Illustrated. 95 pp. $2.00. Places, 
Ine. 


The story of a man, nearly forgotten, who is claimed 
to have made a monoplane flight of approximately a 
half mile over two years before the Wright brothers’ 
demonstration at Kitty Hawk. This and other longer 
flights shortly afterward are attested by copies of doc- 
umentary evidence in an appendix. 


The Drama of Chemistry. Smwney J. FRENCH. 
Illustrated. viii+170 pp. $1.00. University So- 
ciety. 








Another of the University Series publications in its 
survey of the life of mankind, this book explains in 
non-technical terms the major concepts of the chemist 
today. The history of development of ideas in each 
branch is traced far back, even to the ancients. 


Shells and Other Invertebrates of the United 
States. Water F. Wess. LIllustrated. 80 pp. 
$1.00. Author. 

This work in pamphlet form contains descriptions 
and pictures of over 700 shells which might be col- 
lected by the beginning conchologist. The market 
values given for each species makes the volume of con- 
siderable interest for anyone who strolls the beaches. 


The Practice of Silviculture. RALPH C. HAWLEY. 
Illustrated. xiv+252 pp. $3.00. Wiley. 





This book was written originally to be applicable to 
the forests of this continent covering the field of silvi 
culture. Forest protection, formerly an important part 
of the work, has been removed to a forthcoming volume 
in the present revision due to the growth of the field. 





Aspects of Science. Topas DANTZIG. xii +285 


pp. $3.00. Maemillan. 


This book, written by a professor of mathematics, is 
an attempt to disentangle human issues from the tech- 
nicalities of modern science, particularly physics. The 
author discusses “articles of faith,” fundamental to 
science and deriving their validity neither from logic 
nor experience. 





New Biology. W. M. SMALLWoop, I. L. REVELEY 
and Guy A. Barley. Illustrated. viii + 604+ 32 
pp. Allyn & Bacon. 


With sections on Principles of Biology, the Biology 
of Animal Life, the Biology of Plant Life and the Bi- 
ology of the Human Body, this work is designed as a 
simple beginning textbook. It includes questions and 
discussion topics in each chapter and a 32-page glos- 
sary of definitions. 


ABC of Agrobiology. O. W. Wicox.  Iilus- 
trated. 323 pp. $2.75. Norton. 





This book outlines for the layman, gardener and 
farmer the basic principles of agrobiology and empha- 
sizes both their scientific and practical importance. It 
explains the quantitative boundaries of plant life, and 
includes the phenomena of plant growth and yield 
within the mass action law. 





Phytohormones. F. W. Went and K. V. THI 
MANN. Illustrated. xi+294 pp. $4.00. Mace- 
millan. 

This “Experimental Biology Monograph” includes a 
systematic description of current techniques, an ac- 
count of the chemistry of the active substances, and 
reviews of the historical development of this relatively 
new subject. Results are weighed and criticised. 


Science Experiences with Home ‘Equipment. 
CARLETON J. LyNnpeE. [Illustrated. xiii+226 pp. 
$1.25. International. 


Based on the idea that all thought is dependent on 
experience, this book describes two hundred experi- 
ments with simple apparatus illustrating physical laws. 
Sections include atmospheric pressure, flying, liquid 
surfaces, inertia, heat and a portion devoted to ex- 
planations. 





A Manual of Psychological Experiments. E. G. 
Borne, H. 8. LANGretp, H. P. WELD and collab- 
orators. Illustrated. ix+198 pp. $1.75. Wiley. 


This loose-leaf volume contains fifty-nine experi- 
ments, for the most part new, designed by nineteen 
collaborators for an elementary laboratory course in 
psychology. Experiments take about an hour and use 


simple apparatus. 


Richard Cockburn Maclaurin. H. G. PEarson. 
Illustrated. 302 pp. $3.00. Macmillan. 


A biography of a man who during eleven years as 
president of the Massachusetts Institute of Technology 
secured for it a tremendous endowment. The author 
is head of the department ot English and history at 
that institution and the author of seven other biog- 
raphies. 
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Pathfinders 
in Medicine 


By VICTOR ROBINSON, M.D. 


Professor of History of Medic ne, Ten ple Univers y Sch f Medi Pj ! ph 


Harry Ecmer Barnes, 
in a feature review 


t New York Telegram: 


The book’s biographical character gives it a special appeal to the lay 
reader. While reliable, it is not too severely technical and may easily be 
followed by any person decently acquainted with the rudiments of modern 
science. The work is elaborately illustrated. So far as the reviewer is 
aware, it is the first book to combine trustworthiness, comprehensiveness 


and high adaptability to the needs and interests of the general reader. 


Once we learn properly to appraise these landmarks in the history of 
medicine in relation to the progress of human culture and mundane happi- 
ness, we shall be on our way toward acquiring both a sane historical per- 
spective and a civilized philosophy of life. No other book in the English 
language is so well fitted to bring about this salutary transformation in 


the popular judgment of historical values as “Pathfinders in Medicine.” 


Pp. XVIII + 810, 150 inserts, bound in blue cloth. 
$10.00 Postpaid 


Froben Press: Publishers Four St. Luke’s Place, N. Y. C. 


Enclosed find check for $10.00, for which send me Professor Victor Robin- 
son’s PATHFINDERS IN Mepicine [1929]. 
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RECENT BOOKS OF SCIENTIFIC INTEREST 
Light. The Raw Material of Vision. Tuomas The Outline of Science. J. ArtTHuR THOMSON. 


HALL SHastip. 64 pp. $2.00. George Wahr, pub 
lisher to the University of Michigan. 


In this volume Dr. Shastid, not a physicist but an 
eye-physician, considers light from a new point of 
view Incidentally he suggests an original set of 


names for the subatomic particles 


Elements of Forestry. FRANKLIN MOON and NEL 


son C. Brown. [llustrated. xviii+397. $3.50. 


Wiley. 


This revision of a textbook in use for years is made 
to follow the rapid and sweeping changes in the na 
tional conservation program. sesides the history, 
economics and technique of forestry, a section on 


opportunities for service is included 


An Outline of General Physiology. L. V. HEIL- 
$5.00. 


Illustrated. Saunders. 


BRUNN. 603 pp. 

A textbook covering the entire range of physiology. 
It outlines, often with considerable detail, the present 
state of knowledge concerning the subject. Copious 
bibliographical footnotes make it a convenient hand- 
book for the specialist. 


Some Fundamental Aspects of the Cancer Prob- 
lem. Edited by H. B. Warp. 248 pp. $2.50. 
Science Press. 


The current status of the cancer problem presented 
by thirty-one professional workers in cancer research. 
The volume is based upon a symposium sponsored by 
the section of medical sciences at the Christmas meet 
ings of the American Association for the Advancement 
of Science. 


Illustrated. Ixii +1220 pp. $3.95. Putnam’s. 


With chapters by Lankester, Huxley and Lodge, 
this book, formerly issued in four volumes, attempts 
to combine simplicity with completeness in giving a 
nontechnical picture of the history and the facts of 
scientific discovery in all fields 


Bacteriology for Nurses. Mary E. Morse and 


MARTIN FROBISHER. Illustrated. 482 pp. $2.50. 
Saunders. 
This revision not only presents the fundamental 


principles of bacteriology together with experiments 
and a glossary of terms, but emphasizes the applica 
tion of bacteriologic technic to the many daily pro 
cedures of practical nursing 
Principles and Practice of Public Health Dentis- 
try. J. A. SALZMANN. [llustrated. 
pp. $4.00. Stratford. 

Dental public health is presented from an evolution 
ary standpoint in Part I; from the professional view 
point in Part IL; from the viewpoint of Public Health 


in Part III; while Part IV constitutes a handbook on 
dental public health practice 


xxii + 584 


This Business World. EvuGENE VAN CLEEF. IIlus 


trated. vili+410+8 pp. Allyn and Bacon. 


This textbook of economic geography stresses the 
interdependence of the nations of the world. Fully 
half the volume is taken up with a consideration of 
the commercial problems of other nations, as vital 


factors in international relations 


Books previously announced will be given space six times on this page for $12.00 
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Manual of the 
Southeastern Flora 


(ILLUSTRATED) 


Being Descriptions of the Seed-Plants grow- 

ing naturally in North Carolina, South Caro- 

lina, Georgia, Florida, Alabama, Mississippi, 
Tennessee and Eastern Louisiana 


By JOHN KUNKEL SMALL 
This Manual replaces the author’s 


Principles and Methods 
of 


Tree - Ring Analysis 


By WALpo 8. GLocK 


WITH A FOREWORD BY A, E, DOUGLASS 


AND A CONTRIBUTION BY G. A. PEARSON 


Flora of the Southeastern United Price $2.00 in paper, $2.50 in cloth 
States, published in 1903 (second edi- Ba a iia al 
tion 1913), for the Southern States aiue-uliaes ‘analysis including the toch. 
east of the Mississippi River. It em- niques of reading, of cross-dating and 
bodies the results of continued explo- of chronology building. 

ration and study, thus bringing up to SG EE ps pee ee ee 
date our knowledge of this floral " tion of a ponderosa pine to determin 
region. | iature and uniformity of the rings 

There are xxii + 1554 pages and over throughout the trunk. 
1500 illustrations, one illustration of a III. A discussion of the specific indicators 
species of each genus. which reveal climate and the principles 
whi h make possib } ‘ 


Price $10.50 Postpaid 
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PRINTING CO. 
LANCASTER, PENNSYLVANIA 








rings as climatic indicators 


CARNEGIE INSTITUTION OF WASHINGTON 


WASHINGTON, D. C. 












































THE TELESCOPE 


brings you 


THE STORY OF ASTRONOMY 


POPULARLY WRITTEN 
FULLY ILLUSTRATED 


The November-December issue features 
SUPER-NOVAE 


stars momentarily 50,000,000 times as luminous as 
the sun 


Address 

THE TELESCOPE 
Harvard Observatory 
Cambridge, Mass. 


Subscriptions 
$1.00 per year 


Write for a sample copy. 
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Adventure Shop of Anthony Fiala 


Complete Equipment for 
Explorers, Scientists, Engineers, Hunters and Travelers 
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We have Equipped many Expeditions from the Poles to the Equator 
Some of these exploring parties we equipped with practically everything they needed from engineering instru 
ments to rifles, ammunition and food. Our tents, made of Equatorial Waterproof Cloth, have stood the sun of 
the tropics and the freezing blasts of the Polar regions. 
Let us furnish estimates—write us your wants. 





4 Aitediitons and 
Terrestrial 


TELESCOPES 


Fifty years of telescope production have had their effect on 
the astronomical world and it is with pride that the Mogey or- 
ganization can point to the world wide circulation of its instru- 
ments and the accomplishments of the owners. Educational 
institutions of every grade, associations with various aims, and 
individuals in all walks of life possess Mogey telescopes. They 
are to be found in every corner = the United States, in Canada, 
in Central and South America, Asia, Africa, and even in Europe. 

Mogey & Sons have just developed a new line of astronomical 
and terrestrial telescopes for the amateur astronomer. These 
telescopes are made with just the same care as their regular in- 
struments for observatories but on a production basis so that the 
price has been considerably reduced. They are made in 50 
m/m, 2%” and 3”. The 50 m/m is a terrestrial telescope of 
40 power, the price of which is only $27.50. Send for circular 
describing these splendid instruments 





Surveying, Topographical and Navigation Instruments by 

W.& L. E. GURLEY HENSOLDT & SONS 

C.&L. BERGER & SONS CARL ZEISS, Ine. 

AMERICAN PAULIN SYSTEM & OTHER 
HIGH GRADE MANUFACTURERS. 

: EXPERT GUNSMITHING AND REPAIRING 














The Paulin Altimeter, the most accurate aneroid used for leveling by engineers and geologists. 


EASTERN REPRESENTATIVE: 


FIALA OUTFITS, Inc. 


ANTHONY FIALA, Pres. 
10 Warren Street, New York City 
TELEPHONE CORTLANDT 7-4725 CABLE “AFIALA” NEW YORK 
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THE PROGRESS OF PHYSICS’ 


By the late LORD RAYLEIGH 
PROFESSOR OF EXPERIMENTAL PHYSICS IN THE UNIVERSITY OF CAMBRIDGE 


Ir is no ordinary meeting of the Brit- 
ish Association which I have now the 
honor of addressing. For more than 
fifty years the Association has held its 
autumn gathering in various towns of 
the United Kingdom, and within those 
limits there is, I suppose, no place of 
importance which we have not visited. 
And now, not satisfied with past suc- 
cesses, we are seeking new worlds to con- 
quer. When it was first proposed to visit 
Canada, there were some who viewed the 
project with hesitation. For my own 
part, I never quite understood the 
grounds of their apprehension. Perhaps 
they feared the thin end of the wedge. 
When once the principle was admitted, 
there was no knowing to what it might 
lead. So rapid is the development of the 
British Empire, that the time might come 
when a visit to such out-of-the-way places 
as London or Manchester could no longer 
be claimed as a right, but only asked for 
as a concession to the susceptibilities of 
the English. But seriously, whatever 
objections may have at first been felt 
soon were outweighed by the considera- 
tion of the magnificent opportunities 
which your hospitality affords of extend- 
ing the sphere of our influence and of 
becoming acquainted with a part of the 
Queen’s dominion which, associated with 


1 Presidential address before the meeting of 
the British Association for the Advancement of 
Science, Montreal, 1884. 
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splendid memories of the past, is advanc- 
ing daily by leaps and bounds to a posi- 
tion of importance such as not long ago 
was scarcely dreamed of. For myself, I 
am not a stranger to your shores. I 
remember well the impression made upon 
me, seventeen years ago, by the wild 
rapids of the St. Lawrence, and the 
gloomy grandeur of the Saguenay. If 
anything impressed me more, it was the 
kindness with which I was received by 
yourselves, and which I doubt not will be 
again extended not merely to myself but 
to all the English members of the Asso- 
ciation. I am confident that those who 
have made up their minds to cross the 
ocean will not repent their decision, and 
that, apart altogether from scientific in- 
terests, great advantage may be expected 
from this visit. We Englishmen ought 
to know more than we do of matters 
relating to the Colonies, and anything 
which tends to bring the various parts of 
the Empire into closer contact can hardly 
be over-valued. It is pleasant to think 
that this Association is the means of 
furthering an object which should be 
dear to the hearts of all of us; and I ven- 
ture to say that a large proportion of the 
visitors to this country will be astonished 
by what they see, and will carry home an 
impression which time will not readily 
efface. 

To be connected with this meeting is 
to me a great honor, but also a great 











386 


responsibility. In one respect, especially, 
I feel that the Association might have 
done well to choose another President. 
My own tastes have led me to study 
mathematics and physics rather than 
geology and biology, to which naturally 
more attention turns in a new country, 
presenting as it does a fresh field for 
investigation. A chronicle of achieve- 
ments in these departments by workers 
from among yourselves would have been 
suitable to the occasion, but could not 
come from me. If you would have pre- 
ferred a different subject for this ad- 
dress, I hope at least that you will not 
hold me entirely responsible. 

At annual gatherings like ours the 
pleasure with which friends meet friends 
again is sadly marred by the absence of 
those who can never more take their part 
in our proceedings. Last year my prede- 
cessor in this office had to lament the 
untimely loss of Spottiswoode and Henry 
Smith, dear friends of many of us, and 
prominent members of our Association. 
And now, again, a well-known form is 
missing. For many years Sir W. Siemens 
has been a regular attendant at our meet- 
ings, and to few indeed have they been 
more indebted for success. Whatever the 
occasion, in his Presidential Address of 
two years ago, or in communications to 
the Physical and Mechanical Sections, he 
had always new and interesting ideas, 
put forward in language which a child 
could understand, so great a master was 
he of the art of lucid statement in his 
adopted tongue. Practice with Science 
was his motto. Deeply engaged in indus- 
try, and conversant all his life with engi- 
neering operations, his opinion was never 
that of a mere theorist. On the other 
hand, he abhorred rule of thumb, striv- 
ing always to master the scientific prin- 
ciples which underlie rational design and 
invention. 

It is not necessary that I should review 
in detail the work of Siemens. The part 
which he took, during recent years, in the 
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development of the dynamo machine 
must be known to many of you. We owe 
to him the practical adoption of the 
method, first suggested by Wheatstone, 
of throwing into a shunt the coils of the 
field-magnets, by which a greatly im- 
proved steadiness of action is obtained. 
The same characteristics are observable 
throughout—a definite object in view 
and a well-directed perseverance in over- 
coming the difficulties by which the path 
is usually obstructed. 

These are indeed the conditions of 
successful invention. The world knows 
little of such things, and regards the new 
machine or the new method as the imme- 
diate outcome of a happy idea. Prob- 
ably, if the truth were known, we should 
see that, in nine cases out of ten, success 
depends as much upon good judgment 
and perseverance as upon fertility of 
imagination. The labors of our great 
inventors are not unappreciated, but I 
doubt whether we adequately realize the 
enormous obligations under which we lie. 
It is no exaggeration to say that the life 
of such a man as Siemens is spent in the 
public service; the advantages which he 
reaps for himself being as nothing in 
comparison with those which he confers 
upon the community at large. 

As an example of this it will be suffi- 
cient to mention one of the most valuable 
achievements of his active life—his intro- 
duction, in conjunction with his brother, 
of the regenerative gas furnace, by which 
an immense economy of fuel (estimated 
at millions of tons annually) has been 
effected in the manufacture of steel and 
glass. The nature of this economy is 
easily explained. Whatever may be the 
work to be done by the burning of fuel, 
a certain temperature is necessary. For 
example, no amount of heat in the form 
of boiling water would be of any avail 
for the fusion of steel. When the prod- 
ucts of combustion are cooled down to the 
point in question, the heat which they 
still contain is useless as regards the pur- 








THE PROGRESS OF PHYSICS 


pose in view. The importance of this 
consideration depends entirely upon the 
working temperature. If the object be 
the evaporation of water or the warming 
of a house, almost all the heat may be 
extracted from the fuel without special 
arrangements. But it is otherwise when 
the temperature required is not much 
below that of combustion itself, for then 
the escaping gases carry away with them 
the larger part of the whole heat devel- 
oped. It was to meet this difficulty that 
the regenerative furnace was devised. 
The products of combustion, before dis- 
missal into the chimney, are caused to 
pass through piles of loosely stacked fire- 
brick, to which they give up their heat. 
After a time the fire-brick, upon which 
the gases first impinge, becomes nearly 
as hot as the furnace itself. By suitable 
valves the burnt gases are then diverted 
through another stack of brickwork, 
which they heat up in like manner, while 
the heat stored up in the first stack is 
utilized to warm the unburnt gas and air 
on their way to the furnace. In this way 
almost all the heat developed at a high 
temperature during the combustion is 
made available for the work in hand. 
As it is now several years since your 
presidential chair has been occupied by 
a professed physicist, it may naturally be 
expected that I should attempt some 
record of recent progress in that branch 
of science, if indeed such a term be ap- 
plicable. For it is one of the difficulties 
of the task that subjects as distinct as 
mechanics, electricity, heat, optics, and 
acoustics, to say nothing of astronomy 
and meteorology, are included under 
physics. Any one of these may well 
oceupy the life-long attention of a man 
of science, and to be thoroughly conver- 
sant with all of them is more than can 
be expected of any one individual, and 
is probably incompatible with the devo- 
tion of much time and energy to the 
actual advancement of knowledge. Not 
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that I would complain of the association 
sanctioned by common parlance. A 
sound knowledge of at least the princi- 
ples of general physics is necessary to the 
cultivation of any department. The pre- 
dominance of the sense of sight as the 
medium of communication with the outer 
world, brings with it dependence upon 
the science of optics; and there is hardly 
a branch of science in which the effects 
of temperature have not (often without 
much success) to be reckoned with. 
Besides the neglected borderland between 
two branches of knowledge is often that 
which best repays cultivation, or, to use 
a metaphor of Maxwell’s, the greatest 
benefits may be derived from a cross- 
fertilization of the sciences. The wealth 
of material is an evil only from the point 
of view of one of whom too much may be 
expected. Another difficulty incident to 
the task, which must be faced, but can 
not be overcome, is that of estimating 
rightly the value, and even the correct- 
ness, of recent work. It is not always 
that which seems at first the most impor- 
tant that proves in the end to be so. The 
history of science teems with examples 
of discoveries which attracted little no- 
tice at the time, but afterwards have 
taken root downwards and borne much 
fruit upwards. 

One of the most striking advances of 
recent years is in the production and 
application of electricity upon a large 
scale—a subject to which I have already 
had occasion to allude in connection with 
the work of Sir W. Siemens. The dy- 
namo machine is indeed founded upon 
discoveries of Faraday now more than 
half a century old; but it has required 
the protracted labors of many inventors 
to bring it to its present high degree of 
efficiency. Looking back at the matter, 
it seems strange that progress should 
have been so slow. I do not refer to 
details of design, the elaboration of 
which must always, I suppose, require 
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the experience of actual work to indicate 
what parts are structurally weaker than 
they should be, or are exposed to undue 
wear and tear. But with regard to the 
main features of the problem it would 
almost seem as if the difficulty lay in 
want of faith. Long ago it was recog- 
nized that electricity derived from chem- 
ical action is (on a large scale) too 
expensive a source of mechanical power, 
notwithstanding the fact that (as proved 
by Joule in 1846) the conversion of elec- 
trical into mechanical work can be 
effected with great economy. From this 
it is an evident consequence that elec- 
tricity may advantageously be obtained 
from mechanical power ; and one can not 
help thinking that if the fact had been 
borne steadily in mind, the development 
of the dynamo might have been much 
more rapid. But discoveries and inven- 
tions are apt to appear obvious when 
regarded from the standpoint of accom- 
plished fact ; and I draw attention to the 
matter only to point the moral that we 
do well to push the attack persistently 
when we can be sure beforehand that the 
obstacles to be overcome are only difficul- 
ties of contrivance, and that we are not 
vainly fighting unawares against a law 
of Nature. 

The present development of electricity 
on a large scale depends, however, almost 
as much upon the incandescent lamp as 
upon the dynamo. The success of these 
lamps demands a very perfect vacuum— 
not more than about one millionth of the 
normal quantity of air should remain— 
and it is interesting to recall that, twenty 
years ago, such vacua were rare even in 
the laboratory of the physicist. It is 
pretty safe to say that these wonderful 
results would never have been accom- 
plished had practical applications alone 
been in view. The way was prepared by 
an army of scientific men whose main 
object was the advancement of knowl- 


edge, and who could scarcely have im- 


agined that the processes which they 
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elaborated would soon be in use on a com- 
mercial scale and intrusted to the hands 
of ordinary workmen. 

When I speak in hopeful language of 
practical electricity, I do not forget the 
disappointment within the last year or 
two of many over-sanguine expectations. 
The enthusiasm of the inventor and pro- 
moter are necessary to progress, and it 
seems to be almost a law of nature that 
it should overpass the bounds marked out 
by reason and experience. What is most 
to be regretted is the advantage taken by 
speculators of the often uninstructed 
interest felt by the public in novel 
schemes by which its imagination is fired. 
But looking forward to the future of 
electric lighting, we have good ground 
for encouragement. Already the light- 
ing of large passenger-ships is an assured 
success, and one which will be highly 
appreciated by those travelers who have 
experienced the tedium of long winter 
evenings unrelieved by adequate illumi- 
nation. Here, no doubt, the conditions 
are in many respects especially favorable. 
As regards space, life on board ship is 
highly concentrated; while unity of 
management and the presence on the spot 
of skilled engineers obviate some of the 
difficulties that are met with under other 
circumstances. At present we have no 
experience of a house-to-house system of 
illumination on a great scale and in com- 
petition with cheap gas; but preparations 
are already far advanced for trial on an 
adequate scale in London. In large in- 
stitutions, such as theaters and factories, 
we all know that electricity is in sueccess- 
ful and daily extending operation. 

When the necessary power can be ob- 
tained from the fall of water, instead of 
from the combustion of coal, the condi- 
tions of the problem are far more favor- 
able. Possibly the severity of your win- 
ters may prove an obstacle, but it is 
impossible to regard your splendid river 
without the thought arising that the day 
may come when the vast powers now run- 
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ning to waste shall be bent into your ser- 
vice. Such a project demands of course 
the most careful consideration, but it is 
one worthy of an intelligent and enter- 
prising community. 

The requirements of practice react in 
the most healthy manner upon scientific 
electricity. Just as in former days the 
science received a stimulus from the ap- 
plication to telegraphy, under which 
everything relating to measurement on a 
small seale acquired an importance and 
development for which we might other- 
wise have had long to wait, so now the 
requirements of electric lighting are giv- 
ing rise to a new development of the art 
of measurement upon a large scale, 
which can not fail to prove of scientific 
as well as practical importance. Mere 
change of scale may not at first appear 
a very important matter, but it is sur- 
prising how much modification it entails 
in the instruments, and in the processes 
of measurement. For instance, the resis- 
tance coils on which the electrician relies 
in dealing with currents whose maximum 
is a fraction of an ampere fail altogether 
when it becomes a question of hundreds, 
not to say thousands, of amperes. 

The powerful currents, which are now 
at command, constitute almost a new 
weapon in the hands of the physicist. 
Effects which in old days were rare and 
difficult of observation may now be pro- 
duced at will on the most conspicuous 
scale. Consider for a moment Faraday’s 
great discovery of the ‘‘ Magnetization of 
Light,’’ which Tyndall likens to the 
Weisshorn among mountains, as high, 
beautiful, and alone. This judgment (in 
which I fully concur) relates to the scien- 
tific aspect of the discovery, for to the 
eye of sense nothing could have been 
more insignificant. It is even possible 
that it might have eluded altogether the 
penetration of Faraday, had he not been 
provided with a special quality of very 
heavy glass. At the present day these 
effects may be produced upon a scale that 


would have delighted their discoverer, a 
rotation of the plane of polarization 
through 180° being perfectly feasible. 
With the aid of modern appliances, 
Kundt and Réntgen in Germany, and 
H. Beequerel in France, have detected 
the rotation in gases and vapors, where, 
on account of its extreme smallness, it 
had previously escaped notice. 

Again, the question of the magnetic 
saturation of iron has now an importance 
entirely beyond what it possessed at the 
time of Joule’s early observations. Then 
it required special arrangements pur- 
posely contrived to bring it into promi- 
nence. Now in every dynamo machine, 
the iron of the field-magnets approaches 
a state of saturation, and the very ele- 
ments of an explanation of the action 
require us to take the fact into account. 
It is indeed probable that a better knowl- 
edge of this subject might lead to im- 
provements in the design of these 
machines. 

Notwithstanding the important work 
of Rowland and Stoletow, the whole 
theory of the behavior of soft iron under 
varying magnetic conditions is still some- 
what obscure. Much may be hoped from 
the induction balance of Hughes, by 
which the marvelous powers of the tele- 
phone are applied to the discrimination 
of the properties of metals, as regards 
magnetism and electric conductivity. 

The introduction of powerful alter- 
nate-current in machines by Siemens, 
Gordon, Ferranti, and others, is likely 
also to have a salutary effect in educating 
those so-called practical electricians 
whose ideas do not easily rise above ohms 
and volts. It has long been known that 
when the changes are sufficiently rapid, 
the phenomena are governed much more 
by induction, or electric inertia, than by 
mere resistance. On this principle much 
may be explained that would otherwise 
seem paradoxical. To take a compara- 
tively simple case, conceive an electro- 
magnet wound with two contiguous 
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wires, upon which acts a given rapidly 
periodic electromotive force. If one wire 
only be used, a certain amount of heat 
is developed in the circuit. Suppose now 
that the second wire is brought into 
operation in parallel—a proceeding 
equivalent to doubling the section of the 
original wire. An electrician accustomed 
only to constant currents would be sure 
to think that the heating effect would be 
doubled by the change, as much heat 
being developed in each wire separately 
as was at first in the single wire. But 
such a conclusion would be entirely 
erroneous. The total current, being gov- 
erned practically by the self-induction of 
the circuit, would not be augmented by 
the acession of the second wire, and the 
total heating effect, so far from being 
doubled, would, in virtue of the superior 
conductivity, be halved. 

During the last few years much inter- 
est has been felt in the reduction to an 
absolute standard of measurements of 
electromotive force, current, resistance, 
&c., and to this end many laborious in- 
vestigations have been undertaken. The 
subject is one that has engaged a good 
deal of my own attention, and I should 
naturally have felt inclined to dilate upon 
it, but that I feel it to be too abstruse 
and special to be dealt with in detail 
upon an occasion like the present. As 
regards resistance, I will merely remind 
you that the recent determinations have 
shown a so greatly improved agreement 
that the Conference of Electricians as- 
sembled at Paris in May have felt them- 
selves justified in defining the ohm for 
practical use as the resistance of a column 
of mercury of 0° C., one square milli- 
meter in section, and 106 em in length— 
a definition differing by a little more than 
1 per cent. from that arrived at twenty 
years ago by a committee of this Associa- 
tion. 

A standard of resistance once deter- 
mined upon can be embodied in a ‘‘resis- 
tance coil,’’ and copied without much 


trouble, and with great accuracy. But in 
order to complete the electrical system, 
a second standard of some kind is neces- 
sary, and this is not so easily embodied 
in a permanent form. It might conveni- 
ently consist of a standard galvanic cell, 
capable of being prepared in a definite 
manner, whose electromotive force is 
once for all determined. Unfortunately, 
most of the batteries in ordinary use are 
for one reason or another unsuitable for 
this purpose, but the cell introduced by 
Mr. Latimer Clark, in which the metals 
are zine in contact with saturated zine 
sulphate and pure mercury in contact 
with mercurous sulphate, appears to give 
satisfactory results. According to my 
measurements, the electromotive force of 
this cell is 1.435 theoretical volts. 

We may also conveniently express the 
second absolute electrical measurement 
necessary to the completion of the system 
by taking advantage of Faraday’s law 
that the quantity of metal decomposed 
in an electrolytic cell is proportional to 
the whole quantity of electricity that 
passes. The best metal for the purpose 
is silver, deposited from a solution of the 
nitrate or of the chlorate. The results 
recently obtained by Prof. Kohlrausch 
and by myself are in very good agree- 
ment, and the conclusion that one ampere 
flowing for one hour decomposes 4.025 
grains of silver, can hardly be in error 
by more than a thousandth part. This 
number being known, the silver volt- 
ameter gives a ready and very accurate 
method of measuring currents of inten- 
sity varying from one tenth of an ampere 
to four or five amperes. 

The beautiful and mysterious phe- 
nomena attending the discharge of elec- 
tricity in nearly vacuous spaces have 
been investigated and in some degree 
explained by De La Rue, Crookes, 
Schuster, Moulton, and the lamented 
Spottiswoode, as well as by various able 
foreign experimenters. In a recent re- 
search Crookes has sought the origin of 
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a bright citron-colored band in the phos- 
phorescent spectrum of certain earths, 
and after encountering difficulties and 
anomalies of a most bewildering kind, has 
succeeded in proving that it is due to 
yttrium, an element much more widely 
distributed than had been supposed. A 
conclusion like this is stated in a few 
words, but those only who have under- 
gone similar experience are likely to 
appreciate the skill and perseverance of 
which it is the final reward. 

A remarkable observation by Hall of 
Baltimore, from which it appeared that 
the flow of electricity in a conducting 
sheet was disturbed by magnetic force, 
has been the subject of much discussion. 
Mr. Shelford Bidwell has brought for- 
ward experiments tending to prove that 
the effect is of a secondary character, due 
in the first instance to the mechanical 
force operating upon the conductor of 
an electric current when situated in a 
powerful magnetic field. Mr. Bidwell’s 
view agrees in the main with Mr. Hall’s 
division of the metals into two groups 
according to the direction of the effect. 

Without doubt the most important 
achievement of the older generation of 
scientific men has been the establishment 
and application of the great laws of 
thermo-dynamics, or, as it is often called, 
the mechanical theory of heat. The first 
law, which asserts that heat and mechani- 
eal work can be transformed one into the 
other at a certain fixed rate, is now well 
understood by every student of physics, 
and the number expressing the mechani- 
cal equivalent of heat resulting from the 
experiments of Joule has been confirmed 
by the researches of others, and espe- 
cially of Rowland. But the second law, 
which practically is even more important 
than the first, is only now beginning to 
receive the full appreciation due to it. 
One reason of this may be found in a not 
unnatural confusion of ideas. Words do 
not always lend themselves readily to the 
demands that are made upon them by a 


growing science, and I think that the 
almost unavoidable use of the word 
equivalent in the statement of the first 
law is partly responsible for the little 
attention that is given to the second. For 
the second law so far contradicts the 
usual statement of the first, as to assert 
that equivalents of heat and work are not 
of equal value. While work can always 
be converted into heat, heat can only be 
converted iuto work under certain limi- 
tations. For every practical purpose the 
work is worth the most, and when we 
speak of equivalents, we use the word in 
the same sort of special sense as that in 
which chemists speak of equivalents of 
gold and iron. The second law teaches 
us that the real value of heat, as a source 
of mechanical power, depends upon the 
temperature of the body in which it re- 
sides; the hotter the body in relation to 
its surroundings, the more available the 
heat. 

In order to see the relations which ob- 
tain between the first and the second law 
of thermo-dynamics, it is only necessary 
for us to glance at the theory of the 
steam-engine. Not many years ago cal- 
culations were plentiful demonstrating 
the inefficiency of the steam-engine on 
the basis of a comparison of the work 
actually got out of the engine with the 
mechanical equivalent of the heat sup- 
plied to the boiler. Such calculations 
took into account only the first law of 
thermo-dynamics, which deals with the 
equivalents of heat and work, and have 
very little bearing upon the practical 
question of efficiency, which requires us 
to have regard also to the second law. 
According to that law the fraction of the 
total energy which can be converted into 
work depends upon the relative tempera- 
tures of the boiler and condenser ; and it 
is, therefore, manifest that, as the tem- 
perature of the boiler can not be raised 
indefinitely, it is impossible to utilize all 
the energy which, according to the first 
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law of thermo-dynamics, is resident in 
the coal. 

On a sounder view of the matter, the 
efficiency of the steam-engine is found to 
be so high that there is no great margin 
remaining for improvement. The higher 
initial temperature possible in the gas- 
engine opens out much wider possibili- 
ties, and many good judges look forward 
to a time when the steam-engine will 
have to give way to its younger rival. 

To return to the theoretical question, 
we may say with Sir W. Thomson that, 
though energy can not be destroyed, it 
ever tends to be dissipated, or to pass 
from more available to less available 
forms. No one who has grasped this 
principle can fail to recognize its im- 
mense importance in the system of the 
universe. Every change, chemical, ther- 
mal, or mechanical—which takes place, 
or can take place, in Nature, does so, at 
the cost of a certain amount of available 
energy. If, therefore, we wish to inquire 
whether or not a proposed transforma- 
tion can take place, the question to be 
considered is whether its occurrence 
would involve dissipation of energy. If 
not, the transformation is (under the cir- 
eumstances of the case) absolutely ex- 
eluded. Some years ago, in a lecture at 
the Royal Institution, I endeavored to 
draw the attention of chemists to the im- 
portance of the principle of dissipation 
in relation to their science, pointing out 
the error of the usual assumption that a 
general criterion is to be found in respect 
of the development of heat. For ex- 
ample, the solution of a salt in water is, 
if I may be allowed to phrase, a downhill 
transformation. It involves dissipation 
of energy, and can therefore go forward; 
but in many cases it is associated with the 
absorption rather than with the develop- 
ment of heat. I am glad to take advan- 
tage of the present opportunity in order 
to repeat my recommendation, with an 
emphasis justified by actual achievement, 


The foundations laid by Thomson now 
bear an edifice of no mean proportions, 
thanks to the labors of several physicists, 
among whom must be especially men- 
tioned Willard Gibbs and Helmholtz. 
The former has elaborated a theory of 
the equilibrium of heterogeneous sub- 
stances, wide in its principles, and we 
ean not doubt far-reaching in its conse- 
quences. In a series of masterly papers 
Helmholtz has developed the conception 
of free energy with very important ap- 
plications to the theory of the galvanic 
cell. He points out that the mere ten- 
dency to solution bears in some cases no 
small proportion to the affinities more 
usually reckoned chemical, and contrib- 
utes largely to the total electromotive 
foree. Also in our ovm country Dr. 
Alder Wright has published some valu- 
able experiments relating to the subject. 

From the further study of electrolysis 
we may expect to gain improved views as 
to the nature of the chemical reactions, 
and of the forces concerned in bringing 
them about. I am not qualified—I wish 
I were—to speak to you on recent prog- 
ress in general chemistry. Perhaps my 
feelings towards a first love may blind 
me, but I can not help thinking that the 
next great advance, of which we have 
already some foreshadowing, will come 
on this side. And if I might without pre- 
sumption venture a word of recommen- 
dation, it would be in favor of a more 
minute study of the simpler chemical 
phenomena. 

Under the head of scientific mechan- 
ics it is principally in relation to fluid 
motion that advances may be looked for. 
In speaking upon this subject I must 
limit myself almost entirely to experi- 
mental work. Theoretical hydrodynam- 
ics, however important and interesting to 
the mathematician, are eminently un- 
suited to oral exposition. All I can do 
to attenuate an injustice, to which theor- 
ists are pretty well accustomed, is to 
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refer you to the admirable reports of Mr. 
Hicks, published under the auspices of 
this Association. 

The important and highly practical 
work of the late Mr. Froude in relation 
to the propulsion of ships is doubtless 
known to most of you. Recognizing the 
fallacy of views then widely held as to 
the nature of the resistance to be over- 
come, he showed to demonstration that, 
in the case of fair-shaped bodies, we have 
to deal almost entirely with resistance 
dependent upon skin friction, and at 
high speeds upon the generation of sur- 
face-waves by which energy is carried off. 
At speeds which are moderate in relation 
to the size of the ship, the resistance is 
practically dependent upon skin friction 
only. Although Prof. Stokes and other 
mathematicians had previously published 
calculations pointing to the same conclu- 
sion, there can be no doubt that the view 
generally entertained was very different. 
At the first meeting of the Association 
which I ever attended, as an intelligent 
listener, at Bath in 1864, I well remember 
the surprise which greeted a statement 
by Rankine that he regarded skin fric- 
tion as the only legitimate resistance to 
the progress of a well-designed ship. 
Mr. Froude’s experiments have set the 
question at rest in a manner satisfactory 
to those who had little confidence in theo- 
retical prevision. 

In speaking of an explanation as satis- 
factory in which skin friction is accepted 
as the cause of resistance, I must guard 
myself against being supposed to mean 
that the nature of skin friction is itself 
well understood. Although its magni- 
tude varies with the smoothness of the 
surface, we have no reason to think that 
it would disappear at any degree of 
smoothness consistent with an ultimate 
molecular structure. That it is con- 


nected with fluid viscosity is evident 
enough, but the modus operandi is still 
obseure. 
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Some important work bearing upon 
the subject has recently been published 
by Prof. O. Reynolds, who has investi- 
gated the flow of water in tubes as de- 
pendent upon the velocity of motion and 
upon the size of the bore. The laws of 
motion in capillary tubes, discovered ex- 
perimentally by Poiseuille, are in com- 
plete harmony with theory. The resis- 
tance varies as the velocity, and depends 
in a direct manner upon the constant of 
viscosity. But when we come to the 
larger pipes and higher velocities with 
which engineers usually have to deal, the 
theory which presupposes a regularly 
stratified motion evidently ceases to be 
applicable, and the problem becomes es- 
sentially identical with that of skin fric- 
tion in relation to ship propulsion. Prof. 
Reynolds has traced with much success 
the passage from the one state of things 
to the other, and has proved the appli- 
eability under these complicated condi- 
tions of the general laws of dynamical 
similarity as adapted to viscous fluids by 
Prof. Stokes. In spite of the difficulties 
which beset both the theoretical and ex- 
perimental treatment, we may hope to 
attain before long to a better understand- 
ing of a subject which is certainly second 
to none in scientific as well as practical 
interest. 

As also closely connected with the me- 
ehanies of viscous fluids, I must not for- 
get to mention an important series of 
experiments upon the friction of oiled 
surfaces, recently executed by Mr. Tower 
for the Institution of Mechanical Engi- 
neers. The results go far towards up- 
setting some ideas hitherto widely ad- 
mitted. When the lubrication is ade- 
quate, the friction is found to be nearly 
independent of the load, and much 
smaller than is usually supposed, giving 
a coefficient as low as 1/1000. When the 
layer of oil is well formed, the pressure 
between the solid surfaces is really borne 
by the fluid, and the work lost is spent in 
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shearing, that is, in causing one stratum 
of the oil to glide over another. 

In order to maintain its position, the 
fluid must possess a certain degree of vis- 
cosity, proportionate to the pressure; 
and even when this condition is satisfied, 
it would appear to be necessary that the 
layer should be thicker on the ingoing 
than on the outgoing side. We may, I 
believe, expect from Prof. Stokes a fur- 
ther elucidation of the processes in- 
volved. In the meantime, it is obvious 
that the results already obtained are of 
the utmost value, and fully justify the 
action of the Institution in devoting a 
part of its resources to experimental 
work. We may hope indeed that the ex- 
ample thus wisely set may be followed by 
other public bodies associated with vari- 
ous departments of industry. 

I can do little more than refer to the 
interesting observations of Prof. Darwin, 
Mr. Hunt, and Mr. Forel on ripplemark. 
The processes concerned would seem to 
be of a rather intricate character, and 
largely dependent upon fluid viscosity. 
It may be noted indeed that most of the 
still obscure phenomena of hydro-dynam- 
ies require for their elucidation a better 
comprehension of the laws of viscous 
motion. The subject is one which offers 
peculiar difficulties. In some problems 
in which I have lately been interested, a 
circulating motion presents itself of the 
kind which the mathematician excludes 
from the first when he is treating of 
fluids destitute altogether of viscosity. 
The intensity of this motion proves, how- 
ever, to be independent of the coefficient 
of viscosity, so that it can not be correctly 
dismissed from consideration as a conse- 
quence of a supposition that the viscosity 
is infinitely small. The apparent breach 
of continuity can be explained, but it 
shows how much care is needful in deal- 
ing with the subject, and how easy it is 
to fall into error. 

The nature of gaseous viscosity, as due 
to the diffusion of momentum, has been 


made clear by the theoretical and experi- 
mental researches of Maxwell. A fiat 
disk moving in its own plane between two 
parallel solid surfaces is impeded by the 
necessity of shearing the intervening lay- 
ers of gas, and the magnitude of the 
hindrance is proportional to the velocity 
of the motion and to the viscosity of the 
gas, so that under similar circumstances 
this effect may be taken as a measure, or 
rather definition, of the viscosity. From 
the dynamical theory of gases, to the de- 
velopment of which he contributed so 
much, Maxwell drew the startling conclu- 
sion that the viscosity of a gas should be 
independent of its density,—that within 
wide limits the resistance to the moving 
disk should be scarcely diminished by 
pumping out the gas, so as to form a par- 
tial vacuum. Experiment fully con- 
firmed this theoretical anticipation—one 
of the most remarkable to be found in the 
whole history of science, and proved that 
the swinging disk was retarded by the 
gas, as much when the barometer stood at 
half an inch as when it stood at thirty 
inches. It was obvious, of course, that 
the law must have a limit, that at a cer- 
tain point of exhaustion the gas must be- 
gin to lose its power; and I remember 
discussing with Maxwell, soon after the 
publication of his experiments, the where- 
abouts of the point at which the gas 
would cease to produce its ordinary ef- 
fect. His apparatus, however, was quite 
unsuited for high degrees of exhaustion, 
and the failure of the law was first ob- 
served by Kundt and Warburg, at pres- 
sures below 1 mm. of mereury. Subse- 
quently the matter has been thoroughly 
examined by Crookes, who extended his 
observations to the highest degrees of 
exhaustion as measured by MacLeod’s 
gauge. Perhaps the most remarkable 
results relate to hydrogen. From the 
atmospheric pressure of 760 mm. down 
to about 4 mm. of mercury the viscosity 
is sensibly constant. From this point to 
the highest vacua, in which less than one- 
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millionth of the original gas remains, the 
coefficient of viscosity drops down gradu- 
ally to a small fraction of its original 
value. In these vacua Mr. Crookes re- 
gards the gas as having assumed a differ- 
ent, ultra-gaseous condition ; but we must 
remember that the phenomena have rela- 
tion to the other circumstances of the 
ease, especially the dimensions of the 
vessel, as well as to the condition of the 
gas. 

Such an achievement as the prediction 
of Maxwell’s law of viscosity has of 
course drawn increased attention to the 
dynamical theory of gases. The success 
which has attended the theory in the 
hands of Clausius, Maxwell, Boltzmann, 
and other mathematicians, not only in re- 
lation to viscosity, but over a large part 
of the entire field of our knowledge of 
gases, proves that some of its funda- 
mental postulates are in harmony with 
the reality of Nature. At the same time 
it presents serious difficulties; and we 
can not but feel that, while the electrical 
and optical properties of gases remain 
out of relation to the theory, no final 
judgment is possible. The growth of 
experimental knowledge may be trusted 
to clear up many doubtful points, and a 
younger generation of theorists will 
bring to bear improved mathematical 
weapons. In the meantime we may 
fairly congratulate ourselves on the pos- 
session of a guide which has already con- 
ducted us to a position which could 
hardly otherwise have been attained. 

In opties attention has naturally cen- 
tered upon the spectrum. The mystery 
attaching to the invisible rays lying be- 
yond the red has been fathomed to an 
extent that, a few years ago, would have 
seemed almost impossible. By the use of 
special photographic methods Abney has 
mapped out the peculiarities of this re- 
gion with such success that our knowl- 
edge of it begins to be comparable with 
that of the parts visible to the eye. 
Equally important work has been done 


by Langley, using a refined invention of 
his own based upon the principle of 
Siemens’ pyrometer. This instrument 
measures the actual energy of the radia- 
tion, and thus expresses the effects of 
various parts of the spectrum upon a 
common scale, independent of the prop- 
erties of the eye and of sensitive photo- 
graphic preparations. Interesting re- 
sults have also been obtained by Becque- 
rel, whose method is founded upon a 
curious action of the ultra-red rays in 
enfeebling the light emitted by phospho- 
rescent substances. One of the most 
startling of Langley’s conclusions relates 
to the influence of the atmosphere in 
modifying the quality of solar light. By 
the comparison of observations made 
through varying thicknesses of air he 
shows that the atmospheric absorption 
tells most upon the light of high refrangi- 
bility ; so that to an eye situated outside 
the atmosphere the sun would present a 
decidedly bluish tint. It would be inter- 
esting to compare the experimental num- 
bers with the law of scattering of light 
by small particles given some years ago 
as the result of theory. The demonstra- 
tion by Langley of the inadequacy of 
Cauchy’s law of dispersion to represent 
the relation between refrangibility and 
wave-length in the lower part of the 
spectrum must have an important bear- 
ing upon optical theory. 

The investigation of the relation of the 
visible and ultra-violet spectrum to vari- 
ous forms of matter has occupied the 
attention of a host of able workers, 
among whom none has been more success- 
ful than my colleagues at Cambridge, 
Profs. Liveing and Dewar. The subject 
is too large both for the occasion and for 
the individual, and I must pass it by. 
But, as more closely related to optics 
proper, I can not resist recalling to your 
notice a brilliant application of the idea 
of Doppler to the discrimination of the 
origin of certain lines observed in the 
solar spectrum. If a vibrating body have 
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a general motion of approach or reces- 
sion, the waves emitted from it reach the 
observer with a frequency which in the 
first case exceeds, and in the second case 
falls short of, the real frequency of the 
vibrations themselves. The consequence 
is that, if a glowing gas be in motion in 
the line of sight, the spectral lines are 
thereby displaced from the position that 
they would occupy were the gas at rest 
—a principle which, in the hands of 
Huggins and others, has led to a deter- 
mination of the motion of certain fixed 
stars relatively to the solar system. But 
the sun is itself in rotation, and thus the 
position of a solar spectral line is slightly 
different according as the light comes 
from the advancing or from the retreat- 
ing limb. This displacement was, I be- 
lieve, first observed by Thollon; but what 
I desire now to draw attention to is the 
application of it by Cornu to determine 
whether a line is of solar or atmospheric 
origin. For this purpose a small image 
of the sun is thrown upon the slit of the 
spectroscope, and caused to vibrate two 
or three times a second, in such a manner 
that the light entering the instrument 
comes alternately from the advancing 
and retreating limbs. Under these cir- 
eumstances a line due to absorption 
within the sun appears to tremble, as the 
result of slight alternately opposite dis- 
placements. But if the seat of the ab- 
sorption be in the atmosphere it is a mat- 
ter of indifference from what part of the 
sun the light originally proceeds, and the 
line maintains its position in spite of the 
oscillation of the image upon the slit of 
the spectroscope. In this way Cornu was 
able to make a discrimination which can 
only otherwise be effected by a difficult 
comparison of appearances under vari- 
ous solar altitudes. 

The instrumental weapon of investiga- 
tion, the spectroscope itself, has made im- 
portant advances. On the theoretical 
side, we have for our guidance the law 


that the optical power in gratings is pro- 
portional to the total number of lines 
accurately ruled, without regard to the 
degree of closeness, and in prisms that 
it is proportional to the thickness of glass 
traversed. The magnificent gratings of 
Rowland are a new power in the hands 
of the spectroseopist, and as triumphs of 
mechanical art seem to be little short of 
perfection. In our own report for 1882 
Mr. Mallock has described a machine, 
constructed by him, for ruling large dif- 
fraction gratings, similar in some re- 
spects to that of Rowland. 

The great optical constant, the velocity 
of light, has been the subject of three dis- 
tinct investigations by Cornu, Michelson, 
and Forbes. As may be supposed, the 
matter is of no ordinary difficulty, and it 
is therefore not surprising that the agree- 
ment should be less decided than could 
be wished. From their observations, 
which were made by a modification of 
Fizeau’s method of the toothed wheel, 
Young and Forbes drew the conclusion 
that the velocity of light in vacuo varies 
from color to color, to such an extent that 
the velocity of blue light is nearly 2 per 
cent. greater than that of red light. Such 
a variation is quite opposed to existing 
theoretical notions, and could only be ac- 
cepted on the strongest evidence. Mr. 
Michelson, whose method (that of Fou- 
eault) is well suited to bring into promi- 
nence a variation of velocity with wave- 
length, informs me that he has recently 
repeated his experiments with special 
reference to the point in question, and 
has arrived at the conclusion that no va- 
riation exists comparable with that as- 
serted by Young and Forbes. The actual 
velocity differs little from that found 
from his first series of experiments, and 
may be taken to be 299,800 km. per 
second. 

It is remarkable how many of the play- 
things of our childhood give rise to ques- 
tions of the deepest scientific interest. 
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The top is, or may be, understood, but a 
complete comprehension of the kite and 
of the soap-bubble would carry us far 
beyond our present stage of knowledge. 
In spite of the admirable investigations 
of Plateau, it still remains a mystery why 
soapy water stands almost alone among 
fluids as a material for bubbles. The 
beautiful development of color was long 
ago ascribed to the interference of light, 
ealled into play by the gradual thinning 
of the film. In accordance with this view 
the tint is determined solely by the thick- 
ness of the film, and the refractive index 
of the fluid. Some of the phenomena 
are, however, so curious as to have led 
excellent observers like Brewster to re- 
ject the theory of thin plates, and to as- 
sume the secretion of various kinds of 
coloring matter. If the rim of a wine- 
glass be dipped in soapy water, and then 
held in a vertical position, horizontal 
bands soon begin to show at the top of 
the film, and extend themselves gradu- 
ally downwards. According to Brewster 
these bands are not formed by the ‘‘sub- 
sidence and gradual thinning of the 
film,’’ because they maintain their hori- 
zontal position when the glass is turned 
round its axis. The experiment is both 
easy and interesting; but the conclusion 
drawn from it can not be accepted. The 
fact is that the various parts of the film 
ean not quickly alter their thickness, and 
hence when the glass is rotated they re- 
arrange themselves in order of super- 
ficial density, the thinner parts floating 
up over, or through, the thicker parts. 
Only thus can the tendency be satisfied 
for the center of gravity to assume the 
lowest possible position. 

When the thickness of a film falls be- 
low a small fraction of the length of a 
wave of light, the color disappears and is 
replaced by an intense blackness. Profs. 
Reinold and Riicker have recently made 
the remarkable observation that the 
whole of the black region, soon after its 


formation, is of uniform thickness, the 
passage from the black to the colored por- 
tion being exceedingly abrupt. By two 
independent methods they have deter- 
mined the thickness of the black film to 
lie between seven and fourteen millionths 
of a millimeter ; so that the thinnest films 
correspond to about one-seventieth of a 
wave-length of light. The importance 
of these results in regard to the molecular 
theory is too obvious to be insisted upon. 

The beautiful inventions of the tele- 
phone and phonograph, although in the 
main dependent upon principles long 
since established, have imparted a new 
interest to the study of acoustics. The 
former, apart from its uses in every-day 
life, has become in the hands of its in- 
ventor, Graham Bell, and of Hughes, an 
instrument of first-class scientific impor- 
tance. The theory of its action is still 
in some respects obscure, as is shown by 
the comparative failure of the many at- 
tempts to improve it. In connection with 
some explanations that have been offered, 
we do well to remember that molecular 
changes in solid masses are inaudible in 
themselves, and can only be manifested 
to our ears by the generation of a to-and- 
fro motion of the external surface ex- 
tending over a sensible area. If the sur- 
face of the solid remains undisturbed, 
our ears can tell us nothing of what goes 
on in the interior. 

In theoretical acoustics progress has 
been steadily maintained, and many phe- 
nomena which were obscure twenty or 
thirty years ago, have since received ade- 
quate explanation. If some important 
practical questions remain unsolved, one 
reason is that they have not yet been defi- 
nitely stated. Almost everything in con- 
nection with the ordinary use of our 
senses presents peculiar difficulties to 
scientific investigation. Some kinds of 
information with regard to their sur- 
roundings are of such paramount impor- 
tance to successive generations of living 








398 THE SCIENTIFIC MONTHLY 


beings, that they have learned to inter- 
pret indications which, from a physical 
point of view, are of the slenderest char- 
acter. Every day we are in the habit of 
recognizing, without much difficulty, the 
quarter from which a sound proceeds, 
but by what steps we attain that end has 
not yet been satisfactorily explained. It 
has been proved that when proper pre- 
cautions are taken we are unable to dis- 
tinguish whether a pure tone (as from a 
vibrating tuning-fork held over a suit- 
able resonator) comes to us from in front 
or from behind. This is what might have 
been expected from an a priort point of 
view; but what would not have been ex- 
pected is that with almost any other sort 
of sound, from a clap of the hands to the 
clearest vowel sound, the discrimination 
is not only possible, but easy and in- 
stinctive. In these cases it does not ap- 
pear how the possession of two ears helps 
us, though there is some evidence that it 
does; and even when sound comes to us 
from the right or left, the explanation of 
the ready discrimination which is then 
possible with pure tones is not so easy as 
might at first appear. We should be in- 
clined to think that the sound was heard 
much more loudly with the ear that is 
turned towards than with the ear that is 
turned from it, and that in this way the 
direction was recognized. But if we try 
the experiment we find that, at any rate 
with notes near the middle of the musical 
seale, the difference of loudness is by no 
means so very great. The wave-lengths 
of such notes are long enough in relation 
to the dimensions of the head to forbid 
the formation of anything like a sound 
shadow in which the averted ear might be 
sheltered. 

In coneluding this imperfect survey of 
recent progress in physics, I must warn 
you emphatically that much of great im- 
portance has been passed over altogether. 
I should have liked to speak to you 
of those far-reaching speculations, espe- 


cially associated with the name of Max- 
well, in which light is regarded as a dis- 
turbance in an electro-magnetic medium. 
Indeed, at one time I had thought of 
taking the scientific work of Maxwell as 
the principal theme of this address. But, 
like most men of genius, Maxwell de- 
lighted in questions too obscure and diffi- 
cult for hasty treatment, and thus much 
of his work could hardly be considered 
upon such an occasion as the present. 
His biography has recently been pub- 
lished, and should be read by all who are 
interested in science and in scientific men. 
His many-sided character, the quaintness 
of his humor, the penetration of his intel- 
lect, his simple but deep religious feeling, 
the affection between son and father, the 
devotion of husband to wife, all combine 
to form a rare and fascinating picture. 
To estimate rightly his influence upon the 
present state of science, we must regard 
not only the work that he executed him- 
self, important as that was, but also the 
ideas and the spirit which he communi- 
cated to others. Speaking for myself as 
one who in a special sense entered into 
his labors, I should find it difficult to ex- 
press adequately my feeling of obliga- 
tion. The impress of his thoughts may 
be recognized in much of the best work 
of the present time. As a teacher and 
examiner he was well acquainted with 
the almost universal tendency of unin- 
structed minds to elevate phrases above 
things: to refer, for example, to the prin- 
ciple of the conservation of energy for 
an explanation of the persistent rotation 
of a fly-wheel, almost in the style of the 
doctor in ‘‘Le Malade Imaginaire,’’ who 
explains the fact that opium sends you to 
sleep by its soporific virtue. Maxwell’s 
endeavor was always to keep the facts in 
the foreground, and to his influence, in 
conjunction with that of Thomson and 
Helmholtz, is largely due that elimina- 
tion of unnecessary hypothesis which is 
one of the distinguishing characteristics 
of the science of the present day. 
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In speaking unfavorably of superflu- 
ous hypothesis let me not be misunder- 
stood. Science is nothing without gen- 
eralizations. Detached and ill-assorted 
facts are only raw material, and in the 
absence of a theoretical solvent have but 
little nutritive value. At the present 
time and in some departments the ac- 
cumulation of material is so rapid that 
there is danger of indigestion. By a 
fiction as remarkable as any to be found 
in law, what has once been published, 
even though it be in the Russian lan- 
guage, is usually spoken of as ‘‘known,’’ 
and it is often forgotten that the redis- 
covery in the library may be a more diffi- 
cult and uncertain process than the first 
discovery in the laboratory. In this 
matter we are greatly dependent upon 
annual reports and abstracts, issued prin- 
cipally in Germany, without which the 
search for the discoveries of a little- 
known author would be well-nigh hope- 
less. Much useful work has been done 
in this direction in connection with our 
Association. Such eritical reports as 
those upon hydrodynamics, upon tides, 
and upon spectroscopy, guide the investi- 
gator to the points most requiring atten- 
tion, and in discussing past achievements 
contribute in no small degree to future 
progress. But, though good work has 
been done, much yet remains to do. 

If, as is sometimes supposed, science 
consisted in nothing but the laborious 
accumulation of facts, it would soon come 
to a standstill, crushed, as it were, under 
its own weight. The suggestion of a new 
idea, or the detection of a law, super- 
sedes much that had previously been a 
burden upon the memory, and by intro- 
ducing order and coherence facilitates 
the retention of the remainder in an 
available form. Those who are ac- 
quainted with the writings of the older 
electricians will understand my meaning 
when I instance the discovery of Ohm’s 
law as a step by which the science was 


rendered easier to understand and to re- 
member. Two processes are thus at work 
side by side, the reception of new mate- 
rial and the digestion and assimilation of 
the old ; and as both are essential, we may 
spare ourselves the discussion of their 
relative importance. One remark, how- 
ever, should be made. The work which 
deserves, but I am afraid does not always 
receive, the most credit, is that in which 
discovery and explanation go hand in 
hand, in which not only are new facts 
presented, but their relation to old ones 
is pointed out. 

In making one’s self acquainted with 
what has been done in any subject, it is 
good policy to consult first the writers of 
highest general reputation. Although in 
scientific matters we should aim at inde- 
pendent judgment, and not rely too much 
upon authority, it remains true that a 
good deal must often be taken upon trust. 
Occasionally an observation is so simple 
and easily repeated, that it scarcely mat- 
ters from whom it proceeds; but as a rule 
it ean hardly carry full weight when put 
forward by a novice whose care and judg- 
ment there has been no opportunity of 
testing, and whose irresponsibility may 
tempt him to ‘‘take shots,’’ as it is called. 
Those who have had experience in accu- 
rate work know how easily it would be to 
save time and trouble by omitting pre- 
cautions and passing over discrepancies, 
and yet, even without dishonest inten- 
tion, to convey the impression of consci- 
entious attention to details. Although 
the most careful and experienced can not 
hope to escape occasional mistakes, the 
effective value of this kind of work de- 
pends much upon the reputation of the 
individual responsible for it. 

In estimating the present position and 
prospects of experimental science, there 
is good ground for encouragement. The 
multiplication of laboratories gives to the 
younger generation opportunities such as 
have never existed before, and which ex- 
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cite the envy of those who have had to 
learn in middle life much that now forms 
part of an undergraduate course. As to 
the management of such institutions, 
there is room for a healthy difference of 
opinion. For many kinds of original 
work especially in connection with accu- 
rate measurement, there is need of ex- 
pensive apparatus; and it is often diffi- 
cult to persuade a student to do his best 
with imperfect appliances when he knows 
that by other means a better result could 
be attained with greater facility. Never- 
theless it seems to me important to dis- 
courage too great reliance upon the in- 
strument-maker. Much of the best 
original work has been done with the 
homeliest appliances; and the endeavor 
to turn to the best account the means that 
may be at hand develops ingenuity and 
resource more than the most elaborate 
determinations with ready-made instru- 
ments. There is danger otherwise that 
the experimental education of a plodding 
student should be too mechanical and 
artificial, so that he is puzzled by small 
changes of apparatus much as many 
school-boys are puzzled by a transposition 
of the letters in a diagram of Euclid. 
From the general spread of a more 
scientific education we are warranted in 
expecting important results. Just as 
there are some brilliant literary men 
with an inability, or at least a distaste 
practically amounting to inability, for 
scientific ideas, so there are a few scien- 
tific tastes whose imaginations are never 
touched by merely literary studies. To 
save these from intellectual stagnation 
during several important years of their 
lives is something gained; but the thor- 
oughgoing advocates of scientific educa- 
tion aim at much more. To them it 
appears strange, and almost monstrous, 
that the dead languages should hold the 
place they do in general education; and 
it can hardly be denied that their su- 
premacy is the result of routine rather 
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than of argument. I do not myself take 
up the extreme position. I doubt whether 
an exclusively scientific training would 
be satisfactory; and where there is 
plenty of time and a literary aptitude 
I can believe that Latin and Greek make 
a good foundation. But it is useless to 
discuss the question upon the supposi- 
tion that the majority of boys attain 
either to a knowledge of the languages 
or to an appreciation of the writings of 
the ancient authors. The contrary is 
notoriously the truth; and the defenders 
of the existing system usually take their 
stand upon the excellence of its disci- 
pline. From this point of view there is 
something to be said. The laziest boy 
must exert himself a little in puzzling 
out a sentence with grammar and dic- 
tionary, while instruction and super- 
vision are easy to organize and not too 
costly. But when the case is stated 
plainly, few will agree that we can afford 
so entirely to disregard results. In after 
life the intellectual energies are usually 
engrossed with business, and no further 
opportunity is found for attacking the 
difficulties which block the gateways of 
knowledge. Mathematics, especially, if 
not learned young, are likely to remain 
unlearned. I will not further insist upon 
the educational importance of mathe- 
matics and science, because with respect 
to them I shall probably be supposed to 
be prejudiced. But of modern languages 
I am ignorant enough to give value to my 
advocacy. I believe that French and 
German, if properly taught, which I 
admit they rarely are at present, would 
go far to replace Latin and Greek from 
a disciplinary point of view, while the 
actual value of the acquisition would, in 
the majority of cases, be incomparably 
greater. In half the time usually de- 
voted without success to the classical 
languages, most boys could acquire a 
really serviceable knowledge of French 
and German. History and the serious 
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study of English literature, now shame- 
fully neglected, would also find a place in 
such a scheme. 

There is one objection often felt to a 
modernized education, as to which a 
word may not be without use. Many 
excellent people are afraid of science as 
tending towards materialism. That such 
apprehension should exist is not surpris- 
ing, for unfortunately there are writers, 
speaking in the name of science, who 
have set themselves to foster it. It is 
true that among scientific men, as in 
other classes, crude views are to be met 
with as to the deeper things of Nature; 
but that the life-long beliefs of Newton, 
of Faraday, and of Maxwell are incon- 
sistent with the scientific habit of mind 
is surely a proposition which I need not 
pause to refute. It would be easy, how- 
ever, to lay too much stress upon the 
opinions of even such distinguished 
workers as these. Men who devote their 
lives to investigation cultivate a love of 
truth for its own sake, and endeavor in- 
stinetively to clear up, and not, as is too 
often the object in business and politics, 
to obseure, a difficult question. So far 
the opinion of a scientific worker may 
have a special value; but I do not think 
that he has a claim, superior to that of 
other educated men, to assume the atti- 
tude of a prophet. In his heart he knows 


that underneath the theories that he con- 
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structs there lie contradictions which he 
ean not reconcile. The higher mysteries 
of being, if penetrable at all by human 
intellect, require other weapons than 
those of calculation and experiment. 

Without encroaching upon grounds 
appertaining to the theologian and the 
philosopher, the domain of natural 
science is surely broad enough to satisfy 
the wildest ambition of its devotees. In 
other departments of human life and in- 
terest, true progress is rather an article 
of faith than a rational belief; but in 
science a retrograde movement is, from 
the nature of the case, almost impossible. 
Increasing knowledge brings with it in- 
creasing power, and great as are the 
triumphs of the present century, we may 
well believe that they are but a foretaste 
of what discovery and invention have yet 
in store for mankind. Encouraged by 
the thought that our labors can not be 
thrown away, let us redouble our efforts 
in the noble struggle. In the Old World 
and in the New, recruits must be enlisted 
to fill the place of those whose work is 
done. Happy should I be if, through 
this visit of the Association, or by any 
words of mine, a larger measure of the 
youthful activity of the West could be 
drawn into this service. The work may 
be hard, and the discipline severe, but 
the interest never fails, and great is the 
privilege of achievement. 








THE UNITY OF MATHEMATICS 


By Dr. JAMES BYRNIE SHAW 
PROFESSOR OF MATHEMATICS, UNIVERSITY OF ILLINOIS 


I. IyTRopUCTION 


Every successful work of art has 
unity: it is self-sufficient. Every par- 
ticular work of art itself has unity. 
There is unity in architecture, in seulp- 
ture, in painting, in poetry, in music, in 
drama, in dancing, in mathematics. This 
unity is due to the central ideas which 
permeate the whole work. Works of art 
may be classified according to the objects 
with which they are concerned. Cross- 
wise of this classification is that accord- 
ing to the central ideas which weave the 
objects together. The objects of mathe- 
matics may be arranged as numbers, fig- 
ures, designs, harmonies, operators, alge- 
bras, processes and theories. Through 
these run the golden threads which unify 
them: Form, identity, invariance, de- 
pendence and ideality. Form exhibits 
the objects in some particular way; 
identity persists through all the changes 
in form; invariance is an identity in 
different objects; dependence is a net 
holding forms together; ideality is the 
source from which flow new objects. 
This is an ascending spiral which takes 
us to the level of a more expanded 
domain. These ideas are the life of 
mathematics, which produces its foliage 
and flowers. 

Mind itself has these same ideas in its 
structure. From the shreds of experi- 
ence we construct what we call the world. 
If we see it in a new light, from some new 
point of view, we still insist on its iden- 
tity. Even before Parmenides philoso- 
phers were searching for the unchange- 
able essence of things. As things flowed 
into others, the ceaseless change empha- 
sized by Heracleitos, dependencies or 
conditions were perceived, the mind 
needed the idea of functionality in order 


to organize the multitudinous swarms of 
consciousness. In the evolving forms of 
life creativity was at work in the natural 
world and the world of mind and spirit. 
New genii appeared. In the history of 
mathematics we find the record. And 
mathematics is so interwoven with life 
that its central ideas are also those of life. 
There is a unity of life and mathematics 
through these ideas. They are primeval 
gods, before all things and before the 
Fates. Born of chaos, they give birth to 
unity. They breathe life into the clay of 
isolated objects. 


II. Form 


If we try to think of a world without 
forms, imagination fails. If the world 
were completely nebular, an aggregation 
of whirling particles moving in unpre- 
dictable and haphazard routes, shifting 
their positions rapidly and ceaselessly, 
with whimsical approaches and no less 
whimsical departures, lagging speeds, 
followed by lightning flashes; no electron 
structures, no atomic structures, no cells, 
no space configurations; an infinitely 
rapid whirlwind of changing elements; 
a universe of consciousness without mem- 
ory, no vision, a dizzy, spinning madness 
of consciousness; being for an instant, 
an infinitesimal of time, followed by 
utterly unlike being for other instants; 
in such a universe what sort of ideas 
could there be, what type of thinking? 
It might be a pleasant, everlasting, for- 
ever changing nirvana of delight without 
form. But number would not exist, for 
there could be no individuals, everything 
would fuse together. Geometry would 
not exist, for all shapes would vanish in 
the making. Tactic would not exist, for 
there would be only disarrangements. 
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Logie would not exist, for there could be 
no conclusions. There might indeed be 
the realization of the will-o’-the-wisp of 
philosophers—‘‘a succession of states of 
consciousness.’’ Isolated instants can 
lead nowhere, for they can never be con- 
nected by the bonds of duration. Con- 
tinuity would be absent, and each instant 
would become an infinitesimal eternity. 

Irregularity and bizarre outlines do 
not prohibit form. The ceaseless dance 
of Brownian particles does not eliminate 
form. Even the gnarled and writhing 
trunks of trees on the timberline of some 
storm-twisted peak have common ele- 
ments of form, as do the wisps of cloud 
that wind around their bases. But in- 
stantaneous and fleeting states do pro- 
hibit form. Form is found wherever 
there are static phenomena, and also in 
transitions that are orderly. There is 
form in the patterns of mathematics and 
also in its motricities. 

Each art produces its characteristic 
forms. Modern art insists on the essen- 
tial importance of form. In architecture 
the massive forms of Egypt, solid pyra- 
mids and huge blocks piled up expressed 
the immortality of life. The columns 
and roofs of Greece expressed the enjoy- 
ment of the present life. There is a 
suggestion in the buttressed Gothic cathe- 
drals which we may well ponder to-day 
as the buttresses of organized churches 
are crumbling. The steel and glass tow- 
ers in modern cities express the highly 
technical character of modern life. In 
municipal buildings and new homes we 
find many desert buttes and mesas, ex- 
pressing the ever-resurgent appeal of 
nature toman. The pipes of Pan express 
simplicity of life, and the operas of 
Wagner express the emotional stress of 
civilization. The rainbow phantoms of 
mobile color come from an expanded 
consciousness, a new outburst of spiritual 
life. Hypernumbers, non-euclidean ge- 
ometry, infinitesimals, discontinuous 


functions, gave man new liberties. 
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Forms may be classified as irreducible, 
reducible, incidental, inclusive, synthetic, 
ensemble, limiting, and others. An irre- 
ducible form is an element from which 
we may start in the construction of other 
forms. In multiplication a prime num- 
ber is irreducible, and with the primes 
we may compound all integers. But on 
the additive side a prime of the form 
4N +1 is reducible, for it is the sum of 
two squares. Additively any integer is 
the sum of not more than four squares, 
nor the sum of more than nine cubes. In 
this way squares and cubes become irre- 
ducible elements, although some squares 
are the sum of two or three other squares, 
and some cubes are the sum of fewer than 
nine other cubes. The roots of Galois 
normal equations are irreducible ele- 
ments in the sense that any one may be 
used to construct polynomials in it 
which will give every number in the field 
of the conjugate set of roots. A dance- 
form may be irreducible as the icosa- 
hedral group. A fugue may be reducible 
as the net of fundamental regions of an 
automorphic function. 

As example of incidental form we will 
choose a method of reasoning due to 
Kempe. If we consider a collection of 
individuals, I, which can be separated 
into two exclusive sets, A and A, and 
also into two exclusive sets, B and B, we 
may construct a collection of the indi- 
viduals in the incident sets, A,B, and 
those in the incident sets, A,B. This 
collection we represent by A*B. For 
instance, let I be all integers, A the even 
numbers, A the odd numbers, B_ the 
multiples of 3, B those congruent to 1 
or —1,modulo three, then A*B consists of 
integers congruent to 0,l,or —1, modulo 6. 

We find an inclusive form in some 
simple geometric diagrams. We may 
choose a point anywhere on each of two 
opposite sides of a paralellogram, join 
each to the two opposite vertices. The 
pairs of lines will meet in points which 
are on a line through the intersection of 
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the diagonals. This is also true if we 
start with any quadrilateral, whether it 
has parallel sides or not. We may also 
choose four fixed points on a circle, el- 
lipse, parabola or hyperbola, and two 
others anywhere on the curve, and we 
have a similar figure. In fact, all these 
forms are included in one, as particular 
eases of the Pascal hexagram. We find 
in analysis an inclusive form in the 
theory of linear operators, which gives 
a wide list of expansions. Finding inclu- 
sive forms is usually called generaliza- 
tion. 

Metric geometry consists of synthetic 
forms, fusing together number and geo- 
metric form. Abstract groups synthesize 
the theory of integers and hypernumbers. 
An opera synthesizes the counterpoint of 
music and the action of a drama. The 
quatrains of Omar, the Mathematician, 
synthesize the fire of eternal youth and 
the ice of philosophy. Sandburg said 
that poetry is the achievement of the 
synthesis of hyacinths and biscuits. 
Realism is the synthesis of dreams and 
the rags of daily events. Idealism is the 
synthesis of aspirations and wisps of 
spiral nebulae. Actualization is the 
wedding of a beam of light and a chaos 
of dust-particles. Life knows how to 
synthesize creative spirit and _ the 
rhythms of wavicles. In the end all art 
is the synthesis of a vision and a medium 
of expression. The forms of mathematics 
are crystal flowers. Poetry creates silent 
music. Drama creates invisible rhythms. 
Architecture creates musical crystals. 
Sculpture creates sleeping life. Painting 
creates singing light. Color-musie cre- 
ates rainbow phantoms. Music creates 
ethereal flowers. Dancing creates radi- 
ant youth. Seraph and Merman may be 
wedded. 

A limiting form is determined by an 
infinite or a very large collection. The 
characteristic curves of the differential 
equation xdx + ydy = 0 are an infinite set 
of concentric circles, which shrink upon 


the center as the limit form. The equa- 
tion xdy + ydx = 0 gives an infinite set of 
rectangular hyperbolas which have as 
limit form the common perpendicular 
asymptotes. Mortality tables are limit 
forms from a very large number of indi- 
viduals. Limit forms may have proper- 
ties quite different from those of the 
determining set. A limit function deter- 
mined by a set of continuous functions 
may be very discontinuous. A limit form 
may be included in the determining set 
or may be no part of it. The character- 
istic lines of a differential equation may 
be a system of straight lines and their 
envelope, or they may define other limit 
loci not given by the differential equa- 
tion. Perhaps life, at least personal life, 
is a limit form tangent to, but not part 
of, the infinite succession of passing in- 
stants of being. Possibly Heracleitos 
had in mind the evanescent moving film 
of life, and Parmenides had in mind the 
limit form which we furnish as the real 
story. The flow of the swiftly vanishing 
present may be what we call subcon- 
sciousness, while consciousness is the 
accompanying limit form. 

Form is the intellectual view we have 
of the particular mode of expression 
which the artist uses for his vision. He 
may change the medium and the form, 
leaving the vision the same. He may 
despair of ever finding an adequate ex- 
pression for the beauty that haunts him. 
We can study the form he uses, which we 
usually call his style. Form itself has 
beauty. In the elegant presentations of 
Picard and Goursat analysis is beautiful. 
The aeroplane views of Klein, with wide 
horizons, and the swift intuitive penetra- 
tions of Poincaré to the heart of the 
problem are two types of beauty. Beauty 
should find her incarnation worthy of 
her, whether in mathematies or in life. 


III. Ipentiry 


Form may change without a change in 
the object. There is an underlying iden- 
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tity. This is a frequent device in poetry. 
John Gould Fletcher says: 


Like spraying rockets 

My peonies shower 

Their glories on the night. 
Towards the impossible, 
Towards the inaccessible, 
Towards the ultimate, 
Towards the silence, 
Towards the eternal, 

These blossoms go. 


In this he repeats in different forms the 
futility of expression in actualizing a 
spiritual insight. A wild-bird’s ery and 
the beat of the sea may also take the 
form of a dance-ecstasy. A majestic 
procession of clouds across the sky may 
be identical with a nocturne of Debussy. 
Georgia O’Keeffe’s ‘‘ Music—black, blue, 
and green’’ is identical with an ecstatic 
rhapsody. 

Twenty-four centuries ago Parmenides, 
poet-philosopher, insisted that what 
really is always has been and always will 
be. He said the never-ceasing flow of the 
philosophy of Heracleitos was an illu- 
sion. The real is permanent and abiding. 
Its protean forms merely veil the eternal 
identity. Modern philosophy is in con- 
fusion: for, while it insists upon the 
permanence of a substance variously 
called matter, energy, electron, positron, 
neutron, ete., yet it actually considers 
only a series of vanishing events, a 
swiftly changing film of happenings. If 
we return to the arts, we find they are 
expressing in some temporary form a 
reality called beauty. Beauty is not a 
thrill, it is a definite spiritual reality, 
every work of art expressing rhythm, 
order, symmetry, harmony, with form, 
identity, invariance, functionality and 
ideality shining through. In a dance we 
find 


An evanescent pattern on the sight, 
Beauty that lives an instant, to become a sister 
beauty and a new delight. 


Mathematics would be nearly helpless 
without identities. 


We transmute our 
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statements into other forms which will be 
more easily penetrated. Many theorems 
are of this nature. An isosceles triangle 
is also isogonal; four points joined in 
pairs, so that the two joins are equal and 
bisect each other, may also be joined so 
as to make a rectangle. A polyhedron 
with four vertices is a polyhedron with 
four faces. If we construct a rectangle 
divided into four equal rectangles, and 
around the center place four points sym- 
metrically, we may repeat this diagram 
all over a plane. It is identical with the 
design of the important points of an 
elliptic function, and also with the design 
of an electric distribution produced by 
an infinite charged wire enclosed by an 
infinite rectangular prism of conducting 
material. Again if we consider the al- 
gebra of the Kempe triadic logic, we find 
it is identical with the algebra of a group 
generated by an infinity of commutative 
operators of order 2. This Kempe logic 
includes the usual logic of classes and 
propositions, but is more general, for in 
it we have expressions that represent 
collections X which consist of common 
elements of A and B, but we do not know 
whether or not there are any elements 
from A or B. In the ordinary logic it 
is assumed that a collection I can be 
exactly split into collections A and A, 
B and B, which also means into AB, 
AB,AB,AB. Any collection considered 
is definitely known to include one or more 
of these and to exclude the others. But 
in the Kempe logic we may have a collec- 
tion X known to include one or more of 
these, but it is not known if it excludes 
or includes the others. 

Cayley designed colored linkages whose 
routes would give an identical represen- 
tation for any abstract group. As an 
example let us take the quaternion group 
which has eight members, given by com- 
binations of A and B, where A‘ =1=B*, 
A?=B’*, BA=A'*B. To make the dia- 
gram we use the edges of a cube. Those 
of the upper face are traversed positively 
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and may be colored yellow. The lower 
face has its edges colored yellow also and 
is traversed negatively as seen from 
above. The vertical edges are colored 
blue and traversed downwards. The 
diagonals are also colored blue and trav- 
ersed from the bottom point towards the 
top. If we put in the diagonals of the 
faces, colored white, they will give AB 
or BA. Whatever vertex is used as the 
beginning, the quaternion group is com- 
pletely represented by this linkage. 
Identities are heteromorphisms, auto- 
morphisms, isomorphisms, equivalences, 
conjugacies, and others. A song without 
words is a heteromorphism. The statues 
of Aphrodite are automorphisms. Dif- 
ferent ballet dances are isomorphisms. 
The temples of Philae, of Brahma, the 
cathedrals of Europe, the mosques of 
Morocco, are equivalent forms. If we 
express the irrationals of a Galois field 
in terms of one of the roots of the normal 
equation, the same expressions will serve 
to represent the field of irrationals in 
terms of another of the roots, but not the 
same irrationals. In conjugate forms the 
expressions based upon one element of 
the conjugate set are also expressions 
when the base is a different conjugate 
element. There are conjugate dance 
forms. In an equivalence the identity is 
in some property. Modulo 12 we may 
consider as equivalent 5,17,41. Every 
equivalence can be called a congruence. 
Isomorphism gives us a form different 
from the original but of identical signifi- 
eance. The Wedding March of Lohen- 
grin is isomorphic to the Wedding March 
of Mendelssohn. The Ave Maria of 
Brahms is isomorphic to the Ave Maria 
of Schubert. An automorphism is an 
identity of form. For instance, 65 is the 
sum of two squares in two automorphic 
ways, 1°+8* and. 4*+7*%. The cyclic 
group of order 8 may be generated by the 
powers of either A,A*, A° or A’. 
Heteromorphisms are perhaps the mast 
difficult to discover. We would not at 


first think of any connection between 
Kempe’s logic and synthetic geometry in 
a plane. But Kempe shows that if we 
read A*B=C as “‘C is between A and 
B,’’ every theorem in the logic becomes 
a theorem in the synthetic geometry of 
intersections in a plane. The value of the 
use of vector algebra in relativity theo- 
ries lies in the heteromorphism by which 
every product and every sum in the alge- 
bra corresponds to a law or an object in 
the physical theory. If this is known 
many theorems can be enunciated with- 
out experimental proof. Sometimes 
heteromorphisms in mathematical theo- 
ries are called ‘‘interpretations,’’ and if 
such a new interpretation is found we at 
once have an extensive addition to our 
knowledge. 

Art creates heteromorphisms. The 
metaphor expresses a heteromorphism. 
Sandburg expresses an identity when he 
says: ‘‘Poetry is the tracing of a finite 
sound to the infinite point of its echoes.’’ 
Mathematies is the tracing of a single 
instance to the infinite point of its echoes. 
Mathematics writes the music of the 
spheres, as Pythagoras said. Mathe- 
maties paints with the colors of endless 
spectra. Mathematics recites the odyssey 
of human thought, as shown by Brun- 
schvig. Mathematics follows the rainbow 
to the pot of gold. Hypernumbers are 
ripples of consciousness expanding into 
an infinite universe. Processes create 
new reasonings out of the chaos of ideas. 
Descartes showed the identity of algebra 
and geometry, and Lie the identity of 
continuous groups and differential equa- 
tions. Poincaré perceived in his study of 
automorphic functions their identity 
with non-euclidean geometry. Linear 
algebras show the identity in the struc- 
tures of expansions in fundamental func- 
tions. Sylvester and Kronecker agreed 
on the identity of mathematics and 
poetry. 

Form is a golden thread that weaves 
together the objects of life. Identity too 
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is a golden thread that weaves together 
the objects of life. Life is the process 
of maintaining an identity. Human 
personality is an identity. 
Think, then, you are Today what Yesterday 
You were—Tomorrow you shall not be less. 


Not a goddess only has the inscription: 
I am that which is, has been, and shall be. 


IV. INVARIANCE 


Invariance is the property an object 
has of remaining unchanged, although it 
is connected with another object that does 
change. In the tempered scale of music 
the numerical relations between the vi- 
bration numbers of the tones of a major 
chord or a minor chord remain un- 
changed whatever the dominant note. 
In a fugue the theme remains the same 
through all its various expressions. We 
are usually taught that we should de- 
velop an invariant character, one which 
through all vicissitudes is solid, unchang- 
ing, ‘‘to be depended upon.’’ The flow- 
ing cloud which Stuart Pratt Sherman 
insisted upon as the ideal character, and 
the eternal youth that Omar talks about, 
are not invariant characters, at least not 
in the conventional sense. The philoso- 
pher’s search for final and all-compre- 
hending truth is a quest for the invari- 
ants of life. So far as we know, there 
are none. Perhaps the only invariant of 
life is the everlasting quest itself, and a 
universe built on invariants would soon 
be frozen into silent death. Even laws 
of physics can depend upon the time 
functionally, and are not invariant. 

A differential equation has character- 
istic lines, and these are invariant. The 
equation xdy —- ydx=0 has for its lines 
the radii from the origin in all directions 
in the plane of x, y. If we change the 
variables to r and 6, it becomes d6=0, 
giving the same lines. The parallelo- 
grams that circumscribe an ellipse have 
an invariant area. If we cut a circle by 
secants through a fixed point, the product 
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of the segments is an invariant for all 
secants. As a line moves in Euclidean 
space its length is invariant. The sum 
of the angles of a plane triangle is in- 
variant, but not so on a sphere. The 
prime factors of an integer are the same 
set, in whatever order they may be found. 

Invariants may be parts of the chang- 
ing objects, properties of it, related ob- 
jects or fundamental objects. If we 
express quaternions in terms of i, j, k 
and then change to a new expression in 
terms of i’, j’, k’, the scalar and the 
tensor of the quaternion will remain the 
same. These are parts of the quaternion. 
If we multiply an integer of the form 
a* + b*c by another of the same form, the 
product is also of the same form, which is 
an invariant property. If we transform 
a matrix by a non-singular matrix, the 
scalar coefficients of the Cayley-Hamilton 
equation are related invariant forms, 
which may be calculated from the con- 
stituents or coefficients of the matrix 
transformed. 

The axioms, postulates and other basic 
forms upon which a branch of mathe- 
matics depends are fundamental, and are 
invariants. The basis for Euclidean 
geometry remains unchanged throughout 
its development. Sometimes we see the 
statement that mathematics is a vast 
tautology, all its theorems being merely 
restatements of the fundamental bases. 
But actually the theorems state much 
more than the bases. There is a syn- 
thesis involved. Klein in his Erlanger 
Programm asserted that any geometry is 
really the statement of the invariants of 
a particular group. But Klein did not 
mean to imply by this that the discovery 
of these invariants was a simple matter 
and of no great importance. He well 


knew the difficulties in developing a 
geometry, even if the group was given. 
It has taken centuries to arrive at the 
theorems of to-day in Euclidean geom- 
etry. Even the geometry of trilinear 
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coordinates, called by Tait an ‘‘elegant 












408 


trifle,’’ is open for many new theorems. 
An abstract group is something different 
from its incarnation in a Galois group. 
The polynomial operators which give us 
the forms for the conjugate roots in 
terms of a given root are not easy to find. 
Consider the group given by the equa- 
tions A’*=1=B*, BA=A'*B’.§ It is 
quite elementary in its properties, but 
what are the 80 expressions for the roots 
of its normal equation in terms of a se- 
lected one? We may write out without 
much difficulty the groups of order 32, 
but what are their normal equations? A 
simple test by any one will convince him 
that a set of postulates arbitrarily given 
is far from giving a developed theory 
corresponding. Merely to give a basis 
for a theory is just as inadequate for the 
theorems as the construction of a founda- 
tion for a cathedral is for the sublime 
structure erected upon it. 

Sometimes invariants are considered 
to be significant of objective realities. 
Geometric invariants correspond to geo- 
metric objects. Physical invariants cor- 
respond to physical objects. Biological 
invariants give us natural laws. Au- 
thority has long been an invariant of 
society with an objective power back of 
it: yet to-day it is vanishing and equality 
is taking its place. Belief in God or gods 
has been invariant in the race; does it 
mean an objective reality? Does human 
personality also create new groups in 
different eras to furnish new invariants? 
Where are the snows of yesteryear? 


V. FUNCTIONALITY 


Classical philosophy was concerned 
with the ideas we have considered thus 
far. Pythagoras was interested in the 
structure of all things as made of num- 
bers. Parmenides was interested in 
identity. Plato’s ideas were universal 
invariants. Heracleitos mused over the 
ceaseless flow, the becoming of things, the 
philosophy of change. In recent tifhes 


this has been profoundly developed by 
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Bergson. Modern science started a new 
philosophy: that of functionality, which 
includes ‘‘becoming.’’ Science tries to 
determine the necessary conditions that 
underlie phenomena and hopes to arrive 
at sufficient conditions. Too often a 
necessary condition has been considered 
as sufficient. When it was found that 
certain glandular actions seemed to be 
necessary to the development of some of 
our human characteristics, it was hastily 
stated that they were sufficient. Hered- 
ity and environment are among the neces- 
sary conditions of life. Are they suffi- 
cient to account for Plato, Da Vinci, 
Shakespeare, Beethoven, Poincaré? Hu- 
man personality is a function of heredity, 
physiology, environment—and of noth- 
ing else? Psychological events are func- 
tions of nervous events—and are there no 
other variables? What if in the flow of 
life there are no sufficient conditions, 
and, as Heracleitos asserted, we never 
step into the same stream twice! 

One type of functionality is correla- 
tion, that of my shadow, which goes in 
and out with me. This is the relation 
of a projected figure to the initial figure. 
Reciprocation is also a correlation. If 
we find with reference to a fixed triangle 
the polars of three points, they make a 
triangle whose vertices will have the lines 
through the three points as polars. If 
we arrive at the original triangle this 
way, so as to have a self-polar triangle, 
we have an involutory correlation. An 
ideal romance is an involution. Correla- 
tion of human lives is called ‘‘getting 
adjusted to society.’’ 

Limit forms are functions of an in- 
finity or a great multitude of variables. 
The caleulus of variations and Volterra’s 
functions of lines are of this kind. Social 
structures are limit forms arising from 
very many individuals. A cloud is a 
statistical function of a multitude of 
miniature balloons. The mortality curve 
is a function of 100,000 individuals. 
Moral laws are the compromises of 
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courses of action of various myriads of 
persons. Laws of physics to-day are 
statements of probabilities of what will 
happen in the interplay of a great num- 
ber of whimsical particles. The past and 
the future, immediate and remote, con- 
densed with the present, subjected to all 
the variations of differing individuals, 
give us a limit function called the norm, 
or law, of history. Life is the limit func- 
tion of a rapidly arriving and dissolving 
cinema film, threaded on the fibers of the 
universe, suffused with the color of cre- 
ative desire. 

Dominant functions furnish values be- 
low which or above which lie the values 
of another function. For rapidly oscil- 
lating functions, dominant functions be- 
come very important. They have more 
latitude than limit functions. The domi- 
nants of certain sets of human actions 
are extremes of action which the actual 
actions may never reach. Those whose 
actions cross outside the dominant are 
called insane, criminal, fanatic or genius. 
The prediction of dominant functions of 
human action becomes necessary to all 
who would sway mankind. 

Nascent functions are those of Hera- 
cleitos’s ‘‘becoming.’’ The events of the 
present moment determine those of the 
next moment. This is the type of func- 
tionality expressed in differential equa- 
tions. The rate of inversion of sugar is 
in proportion to the amount still unin- 
verted. Cooling has a rate determined 
by the temperature already attained. 
The next movement of the dancer is the 
outcome of the movement just finished. 
It has sometimes been assumed that in 
natural phenomena events were governed 
by nascent functions. Given a complete 
description of positions and velocities 
(and we may add, accelerations and 
fields) of all particles in the universe, 
we might thence determine forwards 
what the universe would be in 10000 «.p., 
or equally backwards, what it was in 
10000 B.c. This kind of functionality 


is assumed by all who believe that dreams 
foretell coming events. Every instant is 
pregnant with what will be born the next 
instant. No undetermined event can 
happen. This deterministic view is op- 
posed of course to that of creative evolu- 
tion, which sees entirely new causes and 
results emerging. 

Opposed to this philosophy we find on 
one hand physics, which has to discuss 
functions in which the events of to- 
morrow depend on those of to-day, but 
also on those of the yesterdays, in a direct 
way, and different from the mediation of 
time in between. What a non-magnetized 
piece of iron will do depends upon its 
history. Day before yesterday is not 
dead and buried, but reaches across to- 
day with ghostly fingers to affect to- 
morrow. The grandfathers eat sour 
grapes and the grandchildren’s teeth are 
set on edge. 

Biology contributes its opposition 
along with physics. Life depends upon 
more elements than heredity and en- 
vironment. There are mutations which 
can not be thus accounted for. Some of 
these may be produced artificially by the 
action of the human intellect in arrang- 
ing extraordinary conditions, like great 
heat or cold or x-rays. But the mere fact 
that it takes a keen laboratory experi- 
menter to do this proves that impersonal 
environment and heredity were not suffi- 
cient. The most important conclusion of 
modern science is that we can never ac- 
count for events by the data we are able 
to get. If we are so blind as to assume 
that we could succeed ‘‘if we knew all the 
data,’’ the ‘‘appeal to ignorance,’’ then 
we are too blind to do scientific work. 

A most important functionality is 
freedom and the creative relation. A 
vision beckons us from the future. A 
nocturne of Debussy may scintillate with 
aspirations. A dance of Ruth St. Denis 
is a prophecy for the race. The monads 
of Leibniz will grow into a new calculus. 
Goldbach’s conjectured theorem is a call 
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for another theory of integers. The 
hypernumbers of Dirac project physics 
into the relativity universe. Orthogonal 
functions lead to wave-mechanics. Qua- 
ternions took Hamilton into a new world 
of hypernumbers. Operational analysis 
was the guide for Heaviside through a 
wilderness. The martyr and the fanatic 
are functions of the future. To say that 
human actions are solely governed by 
the past is to ignore the most important 
things humans have done. Human 
action for to-day only is called oppor- 
tunist, blind, short-sighted. There are 
also functions that are beyond the reach 
of time, are eternal, supernal. Funce- 
tions, too, are golden threads of the web 
shot through the universe to hold it to- 
gether. 
VI. IpEALITY 


This is the most important central 
principle. Through it mathematics be- 
comes a fairy-land, where Merlin waves 
the magic wand, and strange new things 
come upon the stage. These are not evo- 
lutions from what went before, but are 
produced by a creative activity. They 
do not arise from any of the data of the 
senses. When long ago an unknown 
genius said, ‘‘let there be negative num- 
bers,’’ they were so far removed from 
sense experience that for centuries they 
were called fictive, and ‘‘people did not 
approve of them.’’ They said: ‘‘ How can 
numbers be less than nothing?’’ Later 
another genius said: ‘‘Let there be 
square roots for negative unity,’’ and 
these are still called ‘‘imaginary.’’ 
When the law of unique factorization 
needed to be extended to algebraic inte- 
gers, Kummer said, ‘‘Let there be ideal 
numbers,’’ and so it was. Lobachevsky 
said, ‘‘Let there be a geometry with 
many parallels through a point,’’ and it 
came to pass. Riemann said, ‘‘Let there 
be no parallels,’’ and it was so. Then 
Riemann waved his wand again and an 
infinity of new geometries based on infini- 
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tesimals came into existence, and these 
fictions are used to-day in the relativity 
theories to explain very real phenomena. 
Hamilton said, ‘‘Let there be endless 
imaginary numbers,’’, and so it was. 
Fourier said, ‘‘Let there be expressions 
for functions made up of arbitrary 
pieces,’’ and the theory of expansions 
began. - Weierstrass said, ‘‘Let there 
be continuous non-derivable functions,’’ 
and now we are far from the use of the 
eye in studying graphs. If electrons 
have positions determining such func- 
tions the whole of physics has to be re- 
written. Darboux said, ‘‘Let there be 
discontinuous functions which between 
x=a and x=b will take every value 
between f(a) and f(b),’’ and so it is. 
Peano said, ‘‘Let there be functions 
which will ultimately give every point 
inside a square,’’ and we study them. 
Transcendentally crinkly curves are very 
curious. Brouwer said, ‘‘Let there be 
numbers which are neither rational nor 
yet irrational,’’ and logic has been de- 
prived of the law of excluded middle. 
We have seen logics created in which the 
law of identity has vanished. There are 
logics in which the law of contradiction 
has also gone. We have in every case 
been forced to revise our methods of 
thinking. And in every case the magic 
wand has created new beings which have 
dissolved complications of thought, re- 
moved absurdities and contradictions. 
The law of contradiction made it impos- 
sible to think of beings which were mate- 
rial and at the same time immaterial. 
Yet spirit and mind are just that. Free- 
dom and determinism have to be attached 
to the human being, it has both qualities. 
We must think in terms like these or we 
end in dismay. We see the universe in 
a new light, we dispense with red rays 
and pass to yellow rays, blue rays, ultra- 
violet rays, x-rays, cosmic rays. Elec- 
trons and protons are both particles and 
wave-phenomena. Matter and energy 
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have merged. Clouds of particles may 
have laws but particles are whimsical. 
Everything is swiftly losing its identity 
and becoming something quite different. 
The cat has vanished, leaving only the 
grin. 

Ideal objects arise sometimes from the 
creation of a new class which will make 
complete the possibility of solving an 
equation. This is a closure property. 
With algebraic irrationals and with com- 
plex numbers we may find roots for any 
algebraic equation in one variable x. 
With hypernumbers we can solve equa- 
tions which have variables x, y, ete. A 
solution of z?-—2wz+w*+x*?+y*+z?=0 
is the quaternion z=w+ix+jy+kz. Ga- 
lois ideals solve congruences. Points at 
infinity, imaginary points, lines at in- 
finity, four-dimensional and N-dimen- 
sional geometries enable us to fill out our 
problems in space. Poincaré pointed out 


the réle physics has played in suggesting 
new mathematica! objects. Whenever 
Antaeus touches the earth he gains new 


strength. 

Ideal objects may also be direct crea- 
tions of a new and perhaps unwanted 
order. The infinitesimals of Leibniz are 
still objects of suspicion to many mathe- 
maticians. Non-Archimedean arithmetic 
is to be developed. The theory of in- 
tegers needs new ideas for its ordering. 
Elements of real and not arithmetic con- 
tinuity must be studied. What vistas 
will open to psychology when the mathe- 
matics of duration is developed? The 
vast regions of processes have not been 
visited. Of the 5 types of commutativity 
only one has been considered, and of the 
175 types of associativity in general 
fields, only one is studied. 

Merlin has been bound at various times 
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by Viviane, who has used the logic Merlin 
himself created to knot him with cords. 
She is powerless, however, for whenever 
he thinks a new world, a new creation, 
with new laws and new objects, the old 
world ceases to be a prison. The ant that 
runs around inside a circular band is a 
prisoner, until he leaves his plane and 
goes into the third dimension over the 
prison wall into a new space. So long 
as mathematicians are enchanted by the 
magic formula, ‘‘Mathematics is sym- 
bolic logie and nothing else,’’ so long is 
Merlin a prisoner. But when he calls 
upon the Queen of Beauty for new 
worlds he is set free. 

For truly, as thou sayest, son, a Fairy King 
And Fairy Queens have built the city, son; 
They came from out a sacred mountain-cleft, 


Towards the sunrise, each with harp in hand, 
And built it to the music of their harps. 


For, an ye heard a music, like enow 

They are building still, seeing the city is built 
To music, therefore never built at all, 

And therefore built forever. 


Life seizes time and space, the rhythm 
of energy and the flames of inspiration, 
weaving them into a rhapsody of music. 
Ideality is the living cord which creates 
the past, present and eternity. Dreams 
as imaginary as the square root of -1 or 
as fantastic as relativity space and time, 
are to-morrow powerful actualities. Life 
consists in the creation of ideal objects. 

The primeval gods were born of chaos, 
but their immense power is hurrying the 
particles of chaos and the ripples of its 
ocean, its intense fields and its creative 
spirits, into the unity of a universe. 
Through the ages of human life mathe- 
matics has come to be the sereen upon 
which we may glimpse this unity. 











NATIONAL TRENDS IN NOBEL PRIZE 
AWARDS' 


By HARRISON HALE 
PROFESSOR OF CHEMISTRY, UNIVERSITY OF ARKANSAS 


THE Nobel prize awards for 1936 which 
aroused much interest were: 
Physics: joint award, Victor Franz Hess, Inns- 
bruck University, Austria 
Carl David Anderson, California Institute 
of Technology, Pasadena 
Chemistry: Peter Joseph Wilhelm Debye, Kaiser 
Wilhelm Institute, Berlin 
Physiology and Medicine: joint award, Otto 
Loewi, University of Graz, Austria 
Henry Hallett Dale, Director, National In- 
stitute for Medical Research, London 
Literature: Eugene Gladstone O’Neill, Sea 
Island, Georgia 
Peace: Carlos Saavedra Lamas, Argentina 


Besides these an award of the 1935 
Peace Prize to Carl Ossietzky, a German, 
was also made. 

When Alfred Bernhard Nobel, Russian 
chemist and manufacturer, provided in 
his will that the income from eight mil- 
lion dollars be used to award prizes in 
five fields of endeavor ‘‘ without any re- 
gard to nationality’’ he established a 
yardstick of national achievement. 
Nobel died in 1896, and annual awards 
have been made by designated groups 
of distinguished Europeans since 1901 
in the five. fields of physics, chemistry, 
physiology and medicine, literature and 
peace. 

Had an award in each field been made 
each year the total would now be 180 
But in some years an award in a special 
field or fields has been omitted, so that 
the number through 1936 is 155. These 
have been distributed as shown in Table I. 

Nineteen nations are represented, 
Argentine being the newest member of 
the group. 


1 See ScrenTiFic MonTaty, Vol. XL, pp. 167- 
169, February, 1935. 
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TABLE I 
NATIONALITY OF NOBEL Prize WINNERS 
19 36 





" é . Awards 
3 a 2 5 x 
Country 8 8 S33 3 e 7 
-_ ra oa 
>» & bs ae ie a 
= = eS = a = 
~ Ss a ee -* = 
Germany ...... 10 14 6 5 2 20 37 
England ....... 7 44 33 3 34 9 tot 
DUEED cccceces 4 4 34 44 34 114 19 
United States .. 3 3 4 2 54 «5 17+ 
Sweden .:..... 2 23 61 3 2 54 103 
Switzerland 1 1 1 1 24 44 64 
DL 62 o4% 0 3 1 | ae 4 43 6 
Denmark ...... ar 3 1 4 24 54 
DL. cceekoe Sh  _ 13 2% 5+ 
DS ceacces ie 1 1 24 3% 4 
Norway ....... o* 3 4 
ET” wb stanseos ; $ 3 4 23 4 
Dh sn2eeeees 1 e* hes 1 2 
PE cteecoese sa mee 1 2 
Pe te vccces 1 mm 1 2 
ME Noes eeecee = mF 1 2 
SEE | seccesce BD ma ioe ee 1 
DT aeeese ee - ia 1 
Argentina ..... ss ae ae be 1 1 
Oe eee 1 1 1 
, < 2A 33 31 30 33 26 77 155 


Distribution ... 10 8 14 15 14 16 18 

All true science, literature and peace 
are international in scope. From a world 
view-point, then, it is interesting to ask 
what are the national trends in these 
awards. These may be seen in the graphs 
of Fig. 1, showing the cumulative per- 
centages of total awards made, received 
by the four nations leading in number of 
awards. 

Germany’s preeminence is evident, and 
it is significant that the German per- 
centage line has never been below 20, 
holding steadily between 20 and 28 of the 
total for 34 years. England likewise has 
maintained a steady percentage on a 
lower level than Germany, there being a 
slight upward trend from the low of 10.3 
per cent. in 1914. For many years the 
percentage of France was next to that of 
Germany, but a slight downward trend 
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has brought the curve below that of 
England. 

The United States won no prize in-the 
first five years until the award for Peace 
was made to Theodore Roosevelt in 1906. 
In 1911 its percentage was only 3.6, but 
since then the percentage has been higher, 
the trend being decidedly upward in the 
last eight years. 

Another view-point of these awards is 
shown in the total number of Nobel prizes 
awarded to each of the four leading 
nations (Fig. 2). 

The steady rise of the German line is 
impressive. The same is true of the lines 
for England and for France, but the rise 
is more gradual and not so regular and 
the absence of French awards from 1929 
to 1934 causes the lines to cross. The 
original position of the United States in 
the early years was not only below Ger- 
many, France and England but below 
others also. As late as 1911 more awards 
had gone to Holland, Sweden, Switzer- 
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Awards had 


land and Italy as well. 
been made to twelve nations before such 
recognition came to America in 1906. 
Several horizontal periods of years of 
no award are evident. But recently its 
curve of awards rises rapidly. 

In Table II of total awards over differ- 

TABLE II 
ToTAL AWARDS OVER DIFFERENT PERIODS 








Entire P ‘ 
1901-36 1901-18 1918-36 1929-36 





Germany . 37 20 17 83 
England .. 21 9 123 7 
France ... 19 113 8 2 
U. 8. A... 17 5 123 94 

5 1% 


Sweden .. 10 53 





ent periods it is seen that: (1) the United 
States has risen from a low fifth in the 
total awards in 1918 to a very close 
fourth in 1936; (2) since the world war 
as many awards have been made to 
Americans as to Englishmen, only those 
to Germans being greater; and that in 
awards made during the past eight years 
the United States has been the leader. 
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THE BRAIN FROM FISH TO MAN. II 


A SERIES OF CULMINATING PHASES IN EVOLUTION 
By Dr. FREDERICK TILNEY 


PROFESSOR OF NEUROLOGY, COLUMBIA UNIVERSITY 


THe Brain or Man 

Although the human brain has made 
great advance in its weight when com- 
pared with the anthropoid brain, both 
absolutely and in relation to body 
weight, its chief superiority lies in the 
intricate complexity of its convolutional 
arrangement. The richness of its convo- 
lutions provides for a far more extensive 
spread of the neocortex. Its fissural pat- 
tern is more conspicuously Rolandic 
than in the anthropoids, but above all 
else is the obvious superiority of the 
frontal lobe. Superiority in this region 
of the neocortex carries with it what 
amounts to a new mastery of life. It is 
in this part of the brain that there grad- 
ually has emerged a cortical area essen- 


tial to speech which in conjunction with 
other emergent areas in certain other 
regions of the cortex is essential to 


spoken language. Here also the neocor- 
tex makes more ample provision from 
the production and control of a greater, 
a more complex, a more highly potential 
range of skilled acts, which, like speech, 
may be regarded as something new in 
the animal kingdom. Or, if the newness 
of these acquisitions should be ques- 
tioned, it is certainly true that they have 
done not a little to change the face of 
nature, to contend with forces which 
heretofore had not been challenged and 
to institute organizations, both material 
and spiritual, which are dependent upon 
the hand and brain of man. Properly 
speaking, this new mobilization of motor 
capacity, called neokinesis, should not be 
limited to the human race. In the strict 
sense it is the outgrowth of the neocortex 
and hence a characteristic of the mam- 
mal. But that it has had its culmination 
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in man, as shown in the development of 
his many skilled activities and above all 
in his speech attainments, there can be 
no doubt. 

The frontal lobe, often referred to 
clinically as a silent area of the brain, 
as a matter of fact is to be credited with 
most outspoken functions, not merely in 
the sphere of speech but in certain even 
more subtle attributes such as those con- 
nected with the regulation of the higher 
faculties, the development of the person- 
ality and the formation of all those asso- 
ciational memories which enter into per- 
sonal experience and thus bespeak the 
degree of intellectual attainment. A 
similar and comparable convolutional 
expansion occurs in the occipital, parie- 
tal and temporal lobes of the human 
brain. These are features distinctive of 
man. But the accessions in the frontal 
region of the human cerebrum, in size, 


im prominence and in convolutional com- 


plexity overshadow all other advances 
When, in the course of time, the brain 
has reached this level of evolutionary 
progress, the secret of its success in hu- 
manity was not alone that it had set on 
foot the Age of Man but far more that 
it had made possible an Age of the 
Frontal Lobe (Fig. 17). 


NEOCORTICAL HORIZONS OF THE 
PRIMATES 


All these advances, leading up to man 
and culminating in his preeminence, 
took place in a single favored order, the 
primates. It was not because other or- 
ders in the great and essentially progres- 
sive class of mammals were lacking in 
the endowment of an ample neocortex 
that they failed to climb to the top. 
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Many of these other orders have most 
impressive looking hemispheres. But 
the neocortical design which failed to 
make ample provision for the frontal 
lobe was deficient in its ultimate pros- 
pects. Undoubtedly the primates’ mode 
of living was provocative in making such 
provisions, for it must be apparent that 
the effect of arboreal habits had much 
to do with the development of the hand. 
The manner in which tree-life favored 
the development of hands and the erect 
posture is no longer a matter of debate. 
It is susceptible of exact demonstration. 
Whatever may have been the influences 
which caused certain members of the 
prehuman stock to desert the trees and 
live upon the ground, it is clear that one 
most important result of this change 
was the formation of the human foot. 
This structure was a solid foundation for 
the highest achievements of organic evo- 
lution. It ultimately produced an ani- 
mal capable of dominating the world. It 
was responsible for all the extensive 
changes incident to the erect posture, for 
the rearrangements in the shape of the 
body, for the squaring of the shoulders 
and the broadening of the pelvis, for re- 
adjustments in the position of the heart 
and lungs, for new provisions in sup- 
porting the abdominal organs, for a re- 
ordering in the relation of the eyes to 
provide binocular, stereoscopic vision, 
for the modifications in the neck to suit 
the purposes of the most effective head 
movements, for freeing of the hands so 
that they might become highly construc- 
tive agents and, above all, for impress- 
ing upon the brain the effects of these 
many progressive advantages. If there 
could be any doubt that the hand and 
foot contributed in this decisive manner 
to the development of the brain, it might 
be asked, what would the brain have 
been if neither hand nor foot had made 
its appearance? It is apparent what 
limited advantages were acquired” by 
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animals equipped with hoofs or paws, 
flippers or wings. The brain responded 
to the requirements of these specialized 
organs. Nevertheless, such response was 
always and unmistakably the brain of 
an ungulate or a meat-eater, of a flying 
or of a swimming mammal. It was the 
brain of an animal of restricted be- 
havior, as limited in the development of 
its intelligence as it was in the ampli- 
tude of its adjustments to life. It was 
particularly deficient in one great brain 
division which is the hallmark of all 
animals possessing hands. Summarized 
as briefly as possible, it may be said that 
what the brain owes to the hand and foot 
is the frontal lobe. 

The history of the primates shows 
that they represent at least five definite 
horizons of progress. Beginning with 
Tarsius and Lemur, the Rolandic pat- 
tern first becomes apparent. The estab- 
lishment of this pattern is accompanied 
by the earliest indications of the region 
forming the frontal lobe which, from 
this time onward, continues to gain in 
prominence. Going hand in hand with 
these advances, there has been a progres- 
sive intensification of functional locali- 
zation in the neocortex. However dif- 
fuse such localization may have been in 
the cortex of lower mammals or even in 
the lower primates, there can be no ques- 
tion but that it became more and more 
precise in passing from one horizon to 
the next higher one. It is possible that 
the neocortex in lowly brains may have 
a certain degree of what has been called 
‘‘equipotency,’’ that one cortical area 
may act as a substitute for another area 
artificially removed. But the more hu- 
manoid the neocortex becomes, the more 
the possibilities of any such equipotency 
disappear until finally in man the clini- 
cian and especially the surgeon have 
learned to have the highest respect for 
the exact localization of function in the 
cortex. 
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FIG. 17. LEFT 


Tue PYRAMIDAL AND EXTRAPYRAMIDAL 
SYSTEMS 

Thus far attention has been focused on 

The in- 

2 ernal structure of the organ now de- 

particularly its 


he outer aspects of the brain. 
erves consideration, 
roups of nerve cells, its cortical areas 
1d the fibers uniting these regions or 
Q roviding ultimate distribution of the 
4 rve impulses. In some instances the 
neral significance of these structures 
others the neural 
themselves to 


peaks for itself; in 
ements actually yield 
ilantitative analysis. 
Functionally, one outstanding feature 
f the brain is its control of motion. Two 
reat systems of nerve fibers participate 
this activity, namely, the pyramidal 
vstem and the extrapyramidal system. 
‘he term extrapyramidal motor system is 
| many ways unfortunate. I am in full 
eord with Ariens Kapper’s view that 
discussing this system in all submam- 
alian classes it is necessary to include 
he whole central motor organization. 
(he pyramidal system is entirely want- 
‘ng in all vertebrates below the mammals, 
ind henee all their movements and post- 
iral changes come under extrapyramidal 
control. Furthermore, the receptors 
dominating the extrapyramidal system 
must also be included, and thus this sys- 
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HEMISPHERE OF A SCIENTIST 
BEQUEATHED TO THE WRITER FOR SPECIAL STUDY. 
ING TALENTS, WAS TONE-DEAF AND ENTIRELY LACKING IN MUSICAI 








AND SCHOLAR 
THIS MAN, IN SPITE OF HIS 
APPRECIATION 


SEVERAL OUTS ND 


tem embraces the entire brain of birds, 
reptiles, amphibia and fish. 

In all mammals, including man, extra- 
pyramidal function is 
limited, either 
changes in motility and tonus associated 


more narrowly 


**justly or unjustly,’’ to 
with the activities of the corpus striatum, 
the corpus subthalamicum of Luys, the 
substantia nigra, the red nucleus and 
allied nuclei. 

But more than this, it has been shown 
that the motor cortex sends controlling 
fibers to all these important nuclear ag 
this 


posed neocortical regulation, the 


gregations. Because of superim 
ham 
malian extrapyramidal system is not in 
the 


sponding system in birds, reptiles, am 


any sense homologue of the corre 
phibia and fish. 

The advent of the neocortex in mam 
the alled 


extrapyramidal system to dominating in 


mals subjected ancient so 
fluences which did not exist in submam 
malian classes. 

In fishes motility 
trolled through the midbrain by afferent 
impulses arising from the labyrinthine 
and 
with 
The pathways involved in afferent con 


is specifically 


Con 


lateral-line organs in conjunction 


visual and body sense impulses. 


veyance are the spino-tectal, spino-mesen- 


cephalic and optic tracts. The efferent 
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pathways are the tecto-bulbar and tecto- 
spinal tracts. Endbrain influence in the 
production and guidance of motion is 
small or even doubtful. 

In the more definitely 
amphibia such as the salamander, con- 
ditions resemble those of the fish, but in 
frogs the lateral line nerves have disap- 


water-living 


peared, the auditory fibers have devel- 
oped and the endbrain presents the most 
primitive part of the paleostriatum or 
basal ganglion (globus pallidus). 

In reptiles the endbrain 
further expansion. 
striatum (globus pallidus) these animals 


undergoes 


Besides the pa leo- 


possess a neostriatum which is the pri- 
nucleus eaudatus and 
putamen of the lenticular nucleus. 
Motor control mediated through 
the midbrain by way of the ansa lenticu- 
The neostriatum 


mordium of the 
is still 


laris to the red nucleus. 
is in the afferent side of the are and acts 
as a sensory correlating center. 

In birds the plan is still the same, with 
the exception of the added mesostriatum. 
This nucleus is, in effect, the outer limb 
of the globus pallidus. 

In mammals and man mediation of 
motor control is still, to some extent, by 
way of the midbrain. This control, how- 


ever, is extensively supplemented by 
three new pathways from the neocortex, 
which, heretofore, were non-existent. 


These pathways are: (1) the cortico- 
spinal, pyramidal system; (2) the cor- 
the cortico- 
ponto-cerebellar that 
motor control is exercised through the 


tico-striatal system and (3) 


System, so now 
neocortex by way of the pyramidal and 
allied systems. 

Considering the difficulties and incon- 
sistencies inherent in the terms pyram- 
idal and extrapyramidal, it might be 
advantageous to utilize some other ter- 
minology, especially in the submam- 
malian classes of vertebrates in which the 
pyramidal system is entirely lacking. 
The two major systems for the control of 
motor activities are sufficiently distinct, 
both from the structural and functional 
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points of view, to require most exact 
definition. One of them 
tiquity. Although it draws its motivat- 
ing impulses from the entire field of 
organization of the animal, it 
affords relatively limited brain mecha 


has great an- 


sensory 


nisms for the association and elaboration 
of these impulses. It operates without 
the more effective influences of a highly 
developed endbrain. As a system it is 
adequate for the regulation and direction 
of the behavior in fish, amphibians, rep- 
tiles and birds. The other motor system, 
present in mammals only, is of recent 
acquisition. It introduces a wholly new 
component in motor organization. Not 
only does it offer independent means for 
bringing into play the extensive and ex- 
pansible influences of the neocortex, but 
it also subjects the older motor system 
to its far-reaching control. The so-called 


extrapyramidal motor because 
of its 
ealled ‘‘ paleokinetic,’’ 
idal 


recent and exclusively mammalian devel- 


System, 


great age, might reasonably be 
while the pyram- 
system, by reason of its more 
designation of 
Distinction is thus clearly 


drawn between the motor characteristics 


opment, deserves the 


‘*neokinetic.’’ 


of the mammals and those of all verte- 
brates which oceupy positions below them 
in the phyletic scale. 


STRUCTURAL CULMINATIONS IN THE BRAIN 
INDICATED BY COEFFICIENTS OF 
INTERNAL FEATURES 

Numerous internal features of the 
brain bear witness to its evolutionary 
progress. In most instances these fea- 
tures are directly or indirectly connected 
with the development of neokinesis 
Their values are estimated by pla- 
nimetry, which makes it possible to estab- 
lish comparative figures. Thus the per- 
centage values of the pontile nuclei, the 
pyramid, the cerebral peduncle and in- 
ferior olivary body are shown in the 
tabulation of their planimetric coeffi- 
cients. The first three of these structures 
are intimately connected with the neo- 
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‘t cortex and are particularly associated 
- @ with the development of neokinesis. 

- fourth structure, namely, the 

t = olive, is less exclusively 

t although it is involved in steadying the 


> a movements of the tongue, larynx, palate 
Its increasing value culminat- 
ing in man is in all probability associated 


n and lips. 


yr with the production of spoken language 


s & (Table II). 





l Planimetric coefficients derived from cortex in the control of behavior. The 
. TABLE I! 
PLANIMETRIC COEFFICIENTS OF THE PRIMATE BRAIN 
arn 
Man Gorilla c um- Orang Gib Ba Maca My Marmo- Lemur Tarsius 
panzee bon boon cus cetes set 
i Pyramid ....... 161 AT2Z .160 138 143 147 137 064 110 032 
Pontile nuclei ‘ 480 400 300 200 164 150 103 095 OnS O57 
Cerebral peduncle 187 23 110 110 190 169 144 O79 O86 017 
Inferior olive ... 186 172 155 25 128 120 038 060 042 
Nucleus dentatus 152 , .160 134 165 155 130 OTT 110 059 
" Nucleus globosus 023 0095 018 015 020 023 014 032 050 022 O37 
fs Red nucleus 128 096 OS6 O87 .051 060 O57 O81 044 012 0234 
B SS iperior cerebel 
be lar peduncle .. O88 047 O47 064 063 044 046 one 048 0 036 
2 Inferior colliculus 070 111 132 131 130 155 75 182 °10 99 ” 
R uperior collicu 
% TD semesaa 104 140 125 124 132 173 158 161 154 140 0 
4 Nucleus of Goll 064 O86 050 048 034 OR6 O76 121 068 041 04 
= Nucleus of Bur 
te Gee. naectdune 100 O81 O73 093 068 065 O86 11 0423 049 029 
ra Nucleus of Deit 
¥ rR at re 065 072 O77 054 O85 060 o7r 114 O77 O82 120 
ucleus of 
Schwalbe O75 O70 080 055 092 095 ORT oo 060 O45 062 
TABLE Ill 
ENCEPHALIC INDICES OF EVOLUTIONAL SIGNI NCI 
i Index: 82 and above Hands Fingers Finger nails 
] Volume index Weight index 
x) Animal Forebrain Midbrain Hindbrain Forebrain Midbrai: Hindbrair 
Per cent Per cent Per cent Per cent Per cent Per en 
‘ Homo sapiens, modern man SS 1 11 87 l l 
SS oglodytes gorilla, gorilla ...... S4 2 14 S4 2 14 
fa mia satyrus, orang-outang 83 nh 12 S is) 1 
4 Vacacus rhesus, Indian monkey 83 2 15 84 4 l 
4 Hylobates hoolock, czibbon 82 2 16 82 2 1¢ 
Callithrig jacchus, marmoset 83 2 15 83 2 
Index: 70 to 80 Paws Hoofs Claws 
Canis familiaris, dog ..........++. 80 7 18 80 7 1F 
Pelle GOmnseereG, GRE .cccccccvaveces 77 6 17 75 ! a 
quus caballus, horse SO 2 18 80 2 x 
Ros taurus, cattle wasees 80 y 4 18 80 2 S 
= Camelus bachtr., camel ........... 79 2 19 79 2 9 
Klephas indicus, elephant ae 72 2 26 71 2 7 
Wurmecophaaa iub., ziant ant-eater.. 75 6 19 7 5 
Bradypus tridact., three-toed sloth.. 70 10 20 70 10 0 
Index: 20 to 60 Wings Fins Paddles 
Rhea americana, ostrich ....... es 58 16 “6 60 13 27 
ispidonectes ferox, soft-shelled turtle 57 15 28 53 20 27 
Rana sylvatica, frog .......-+545- es .: 21 37 12 
Gadus morrhua, cod-fish .......... 20 4) 40 20 10 10 


Squalus acanthias, dog-fish 
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the value of the pyramidal system rises 


TO 
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The striking manner in which 


by graded stages from T 


points conclusively to the strides made 
in neokinetic development. 
nuclei and the cerebral peduncle reveal 


the progressive dominance of the neo- 
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rise of this superlative tissue of the body 
is also reflected in the waning prominence 
of the superior colliculus, the homologue 
of the optic lobe in lower vertebrates. 
Whereas the center of vision in birds, 
reptiles, amphibia and fish occupies this 
conspicuous lobe of the midbrain, by 
transference to the endbrain, it 
tually finds more ample accommodation 


even- 


in the neocortex of the occipital region 
of the hemisphere. 


INDICES AND COEFFICIENTS OF EXTERNAL 
CEREBRAL F'EATURES 


The relations of the forebrain, mid- 
brain and hindbrain by weight and vol- 
ume furnish an excellent idea of the 
advances made by vertebrates in the 
acquisition and development of neo- 
kinetic control over motor activities 
(Table III). Animals whose indices 


range from 20 to 60 per cent. possess no 
neocortex. Their control 
quently lacks any pyramidal elements, 


motor conse- 
and such animals meet the issues of life 
largely by wings, fins or paddle. In cases 
where the range is from 70 to 80 per cent. 
some degree of neocortex has developed 
and the pyramidal system has become 
These animals make their way 
by paws, hoofs and claws. In the pri- 
mates the indices run from 82 to 88 per 


operative. 


cent., climaxing in man at the highest 
figure and indicating the extent to which 
neokinesis has been developed. These 
indices confined to the primates indicate 
the increases in the forebrain and their 
high value in man (Table IV). 

More significant still are the compara- 

TABLE IV 
ENCEPHALIC INDICES 


Encephalic index (per cent.) 


Hind- 





Animal 


Fore- Mid- 

brain brain brain 
a ee 81 5 14 
Marmoset 80.5 0.5 19 
DEED cwvertievecs 81.6 4.8 13.6 
Baboon .... i a 83 3 14 
Macacus ala 84 2 14 
sd eet 6 og he © 81 3 1§ 
Orang-Outang .... 83 5 T2 
Chimpanzee .... 83 5 12 
DEE 5.06 o% 00 84 1 14 
asa hme ee 86-89 1 10-13 
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tive planimetric coefficients of surface 
areas of the neocortex from lower mam- ; 
mals through the anthropoids to man. ; ‘ 
The true meaning of this comparison is ] 
the relation of the frontal lobe to the 
other three lobes, T.P.O. (temporal- 
parietal-occipital). Beginning with a 
low mammal, the ant-eater, which has a ; by 
coefficient of 9, and gradually ascending, § +) 
the coefficient of 47 for the frontal lobe ; 

is eventually reached in man. A 


CEREBRAL EVIDENCE DERIVED FROM 
THE Extinct Races or MAN 

The brain had passed through certain 
preliminary stages long before man made 
his appearance on the scene. Its basic 
patterns had been perfected. 
important had 
proved. In those preparatory days, all 
manner of animals inhabited the earth 
fish, amphibians, and 
mammals. They were the stepping stones 
of progress. When at length the first 
members of our family arrived, their 


Its most 


mechanisms been im- 


reptiles, birds 


brains were barely human and they them- 
human 
There was a certain triumph in their 


selves were most crude beings. 


advent, however, for at last there were 
men. 
age which was to be called the Age of 
Man, and was to differ from all preceding 
ages by the steadily increasing products 
But the brain of 
these men was relatively small in its 


They were to inaugurate a new 


of human achievement. 


capacity and still unrefined in many of 
its structural details. Hundreds of thou- 
sands of years were necessary for such a : 
brain as this to attain its highest effi- 
ciency. To most of us who are accus- 
tomed to reckon time as the hours be- 
tween breakfast and dinner or at 
as the proverbial three score years and 


4m 


most 


ten, these long periods sound fabulous 
and fantastic. In contemplating the 
past our vision usually stops short at the 
beginning of history, five to six thousand A 
Such a focus is unfortunately 
near-sighted. It leaves us insensitive to 

the much longer prehistoric period. Yet . 
through all this unrecorded time, man 


years ago. 
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struggled upward to achieve those sue- 
cesses which at length established the 
Age of the Frontal Lobe. Much evidence 
of this vast prehistoric period is now 
available. It tells us of at least four 
extinct races of man. Carefully ex- 
amined, it reveals what the early mem- 
bers of our family must have been when 
the long human journey first started. 

In all his living and extinct, 
man constitutes the sixth family in the 
primate suborder, Anthropoides (man- 
like). This family is known as the 
Homidae (men of all types). The pro- 
genitors of the human family split off 
from a common anthropoid stock at some 
time in the Tertiary (Age of Mammals). 
At this eritical juncture, variously esti- 
mated between 10,000,000 and 25,000,000 


races, 


years ago, two great branches of the 
suborder parted company (Fig. 18). 
Theneeforth they developed indepen- 
ently of each other. The first branch 
rom this common stem gave rise to 


iman races. From the second branch 
‘ose the great modern anthropoid apes, 
eluding the orang outang, the chim- 
anzee and the gorilla. 


HE JAVA ApE-MAN—PITHECANTHROPUS 
ERECTUS 

Probably the oldest, most primitive of 
xtinet races is the ape-man of Java who, 
ilthough definitely human, had many 
simian qualities. He possessed a head 
ind face not unlike those of an ape, but 
his brain was nearly twice the size of 
iny simian (940 ec). It was this great 
.lvantage which assured him an unas- 
sailable place as a member of the human 
family. The fossil remains of the ape- 
man were discovered in 1891 by a Dutch 
army surgeon, Dr. Eugen DuBois, who 
made the discovery on the Bengawan 
River in Central Java, where he found 
almost the entire skulleap of this primi- 
tive man. It is estimated that Pithe- 
eanthropus lived somewhere between 
500,000 and 1,000,000 years ago (Fig. 
19-A). 
The striking feature about the brain 
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of the ape-man is the great expansion 
which has taken place in the frontal lobe 
Of even greater significance are the in 
dications of a convolution in the lower 
portion of the frontal lobe on the left 
side. In all living men this convolution 


is associated with the control of spoken 


language. It seems probable therefore 
that the ape-man had aequired the pow 
ers of speech. This acquisition had a 


decisive bearing on the destiny of 
humanity. 

If it were possible to catalogue the 
chief developmental changes which de 
termined lower 


levels of animal life they doubtless would 


human emergence from 


appear in the following order : 


(1) The development of the human foot 
which to establish the erect posture. 


(2) The freeing of the hand in 


consequence 
of the erect posture for the purposes of human 
progress and success. 

ght and he 


(3) The expansion of s 


aring tor 
better appreciation of the world and the most 
effective guidance of action. 

(4) The development of speec] 

5 The establishment of human 


and the development of higher mental faculties 


All these changes were direct]; depen 
dent 
cialization of the neocortex, particularly 


upon the growth and higher spe 


in the region of the frontal lobe. Most 
of these advancements were, to some 
degree, operative in the ape-man of 


Java. 


THE DAWN-MAN or PiuTpoWN, ENGLAND 
EOANTHROPUS DAWSONI 
flints, 


tures indicating their use as instruments. 


From certain with many fea 


it is held probable that there were prim 


tive living in England at a time 


earlier than that assigned to the ape-man 


men 


Disputes about these early pre 
fact 


remains of them 


of Java. 
historic Englishmen arise from the 
that 
have yet been found. 


no actual human 
This, fortunately, 
is not the case with the famous English 
dawn-man. This human fossil was found 
not many miles from the English Chan 
nel. The fossilized 
of a number of fragments of this extinct 


remnants consisted 
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Through the courtesy of the American Museum of Natural History. Drawing by Mr. EB. 8. Lewis. 
FIG. 18. THE PRIMATE BRANCH OF THE VERTEBRATE FAMILY TREE AS PRE- 
PARED BY PROFESSOR GREGORY. 
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FIG. 19. 
CTED BY PROFESSOR J. H. 
HIS COURTESY. 
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n’s skull. In December, 1912, Sir A. 
iith-Woodward and Mr. 
nted to the Geological Society of Lon- 
the Piltdown 
announcement of this re- 


Dawson pre- 
n a reconstruction of 
ul. The 


arkable discovery made a deep stir in 


ientifie circles. An unknown phase of 
' irly human existence was about to be 
* vealed. The reconstructed skull im- 
a ‘essed all who saw it as a strange blend 
f ape and man (Fig. 19-B). Some sug- 
ested that it was a missing link, for 


vhich the early followers of Darwin had 
arnestly sought. But whether this was 
ie missing link or the Piltdown 


‘trata in Sussex told of a race of human 


not, 


eings who inhabited England long be- 
re history had made its feeblest begin- 
Dr. Smith-Woodward 
the fossil dated back to the early part 
f Sir Arthur 
Keith and Professor Osborn give it far 


ings. believes 


the Pleistocene period. 


vreater antiquity and assign it to some 
part of the Pliocene. Whatever the exact 
prehistoric era of the Piltdown 
may be, it is clear that a primitive race 


of men lived in England thousands of 


fossil 
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years before Caesar’s invasions, fact 
ages before the ancient Celts or Goedelic 
land The Pilt 
down man is regarded by 
direct 


others he is 


Britons occupied the 
some as e 
modern 
held to be 
branch of the 


aneestor of races; by 
an independent 
human family of quite 
unknown affiliations 

Several different brain-casts have been 
made from the reconstructed skull of the 
Such 


dawn-man of England differences 


as exist in them do not contradict the 


fact that this brain was undeniably 
human and superior to that of the ape 
man of Java 
NEANDERTHAL Man—-Homo 
PRIMOGENIUS 
Man’s first great epoch came in the 


Old Stone-Age (Paleolithic, which began 


900,000 years ago A new and sturdy 


race of men gained the upper hand in 
Europe. This race is known as the 
Neanderthals. The ancestry of these 
remarkable people is traced back to the 
Heidelberg man (Paleoanthropus) who 


appeared about S00 000 vears ago and 1s 
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considered the first man of the Old Stone 
Age. The Neanderthals have a probable 
antiquity of 600,000 years. They were 
hunters and the first cave-dwellers. As 
flint workers they made and improved 
many implements. Their long period of 
human supremacy 
definite culture periods, such as the Chel- 


is characterized by 


lean, Acheulean and Mousterian periods 
(Fig. 20). 

The 
race which have been found in many dif- 
ferent parts of Europe all tell the story 
Their 
arms were long and muscular, their necks 
thick, their legs short and slightly bent at 
the knees. The Neanderthal had a low 
retreating forehead with heavy ridges of 
The jaws 


scattered fossils of this famous 


of an unusually powerful people. 


bone arching above the eyes. 
were heavy, the nose broad and flat, the 
chin receding. All these features must 
have given the Neanderthal man a brut- 


brain, however, 


ish appearance. His 





FIG. 20. MODEL OF NEANDERTHAL MAN 


RECONSTRUCTED ON THE SKULL FROM CHAPELLE 

AUX SAINTS BY PROFESSOR J. H. MCGREGOR OF CO 

LUMBIA UNIVERSITY AND REPRODUCED THROUGH 
HIS COURTESY. 
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attests that far from being a lowly ape- 
like creature he had many of the higher 
human attributes 

The earliest discovery of these ancient 
people was made in 1848, when Lieuten- 
ant Flint found a Neanderthal skull in 
an old quarry at Gibraltar. 
and productive 
nated Europe until well on toward the 
end of the Old Stone Age. 
of their disappearance before the advance 


These ag- 
gressive people domi- 


The problem 


of a superior people has not yet been 
solved. The real secret in the failure of 
the old Neanderthal race and the success 
of the newcomers is doubtless to be found 
in the brain. 

power of the 
duced the supremacy of this last great 
race in the Old Stone Age. 
power which gave Europe its first pio- 


It was the increased brain 


Cromagnons which pro- 


It was this 


neers in art and which, for all mankind, 
opened the doors of creative imagination 
and appreciation of beauty in the world. 


CROMAGNON MAN—HomMo SaPIens 


The Cromagnon has a probable an- 
He has a well- 
frontal lobe of 
thoroughly modern type. He was an 
effective 


tiquity of 50,000 years. 
developed brain and 
huntsman, but 
He employed 
and greatly refined the flint implements 
of the Old Stone Age and passed through 
successive cultural periods known as the 


warrior and 


above all he was an artist. 


Aurignacian, Solutrean, Magdalenian 
and Azilian. 
human progress was the introduction and 
founding of art. He was the 


first great artist (Fig. 21). 


His chief contribution to 
world’s 


The fate of the Cromagnon race was 
no exception to what had gone before or 
what would follow there- 
after. Race after after 
nation rose, became master and passed 
into final decline. 

As the day of Cromagnon ascendancy 
waned a new race invaded Europe. The 
Old Stone Age came to its end approxi- 
mately 10,000 years ago with the advent 
of the more Neolithic 
With the introduction of agriculture, the 


many times 


race, nation 


vigorous man. 
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domestication of animals and the estab- 
lishment of permanent abode, men of the 
New Stone Age contributed many of the 
essentials of modern life. These essen- 
tials included new ways of defending 
their claims and asserting their rights. 
Such new assertiveness quickly led to the 
more sanguinary Ages of Bronze and 
[ron, with their communal equipment for 
offense and influences 
finally spread into historic times. Ulti- 
mately these more aggressive tendencies 
created all the armed camps which we 
are pleased to call civilization, ancient, 
medieval and modern. At the end of the 
New Stone Age all the direct ancestors 
‘f modern European races were estab- 
ished in Europe. 

The dawn of history was followed by 


defense. Its 


, procession of great events, which began 
n the early Egyptian dynasties. The 
evelopment of Pharaonic culture, the 
egal splendors of Babylonia and Chal- 
ea, the incomparable achievements of 
‘reece and Rome followed in rapid suc- 
‘ssion. Each of these civilizations con- 
ibuted to the development of the race. 
hen came the eclipse of the Dark Ages 
medieval times and at length the bril- 
int light of the Renaissance, the illu- 
inating influences of which have been 
irried forward in the accomplishments 
‘modern times. 
This is an inspiring picture of almost 
ninterrupted human How 
‘adily it has been taken at its face value 
y the most gullible of living animals, 
Man has been too deeply 
ngrossed in his ancient glories and mod- 


progress. 


ymo sapiens! 


rn proficiencies to take a good look at 


imself. No longer than a quarter of a 


ntury ago there were reasons for the 


‘aucasian’s pride and_ self-assurance. 
Peace existed between the nations. Sue- 
ess filled every walk of life. Social or- 
ler rested upon firm moral foundations. 
This was a human establishment upon 
which to rely. But ultimately this rec- 
ord of the white man brings us to a fate- 
ful midsummer afternoon in August, 
1914. 


The race has been the victim of 


FIG. 21. MODEL OF CROMAGNON MAN 


RECONSTRUCTED ON THE SKULI 
DORDOGNE, FRANCE, B‘ 
OF COLU MBIA NIVERSITY 


rHROUGH HIS CO 


FROM LES 
PROFESSOR H 
AND 
RTES Y 
many such self-inflicted catastr 
Thus far it has always managed t 
again W he 


where it 


back and go forward 


has stood still, has, per! 


even fallen behind, is the manifest 
of control over human nature 
man has 


Since his early beginnings 


grown in humanity as his brain has ex 
panded—as his forehead has risen above 


his eyes. Such a conclusion seems irre 


sistible. Placed side by side, the brain 
casts of the ape-man of Java, the dawn 
man of Piltdown, the Rhodesian, the 
Neanderthal, the Predmost and the Mod 
ern demonstrate this steady expansion 
(Fig. 22). The brain area in which the 
greatest development has occurred is the 
frontal lobe. Its progressive growth since 
it made its first appearance gives an ac- 
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curate impression of the manner in which 
the brain has responded to the inereasing 
demands made upon it. There are no in- 
dications that such demands will decrease 
in their urgency as time goes on. This 
fact seems to point in a hopeful direction. 
It seems equally certain that upon the 
average only a relatively small fraction 
of the human brain is at present utilized 





P 








FIG. 22. 


to the most effective advantages in the 
interest of humanity. This condition 
would seem to mean that the power is in 
our own hands to bring into play more 
of the brain’s potential energy than we 
have yet developed. In addition to tifese 
considerations the human cerebrum may 
still be looked upon as in its early youth. 


Rhodesiar 9 


COMPARISON OF BRAIN CASTS OF PREHISTORIC 


——— — 


By most of us it is regarded as a finished 
product, but its long prehistoric human 
record as we know it to-day does not sup- 
port this point of view. This long record 
makes it appear far more likely that the 
brain of modern man is only some inter- 
mediate stage in the ultimate develop- 
ment of the master organ of life. And 
furthermore, all the evidence which is 


Pitdow 








Neanderthal 


Modern 


AND MODERN MAN, 


available from the long subhuman his- 
tory of the brain through millions of 
years of change and modification in the 
fish, amphibians, reptiles, birds and 
mammals conveys the strong impression 
that the evolutionary process has not 
come to an end with modern man as its 


culminating phase. 
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THE CAUSES OF AUTUMN COLORATION 


By Professor H. F. ROBERTS 


DEPARTMENT OF BOTANY, 


THE annual advent of autumn brings 
before us a splendid pageant, the superb 
spectacle of the closing of the year, in 
which the members of the plant world 
wrap themselves in robes of crimson and 
vold, as for one last social parade, before 
retiring into the annual night of winter. 
[he spectacle varies from year to year, 
aries in length, varies in degree of mag- 
It is as though it were a some- 
vhat human affair. Much has been writ- 

n regarding the causes of autumn 
jloration. It was not, however, until 

e chemistry of the subject had been 

mewhat fully investigated that it was 

ssible to deal adequately with it. In 
first place, let us see just what we 
concerned with. 

Speaking broadly, the colors of autumn 

ves fall into two groups—the reds and 

yellows. Without further prelimi- 

y, we may say that all the red pig- 

itation that appears is due to the 

elopment in the leaf of what are 
ywwn as ‘‘anthocyanins.’’ The antho- 
inins are also found in other parts of 
plant than the leaves, and during 
than autumn. 
eaking, anthocyanins are ‘‘sun 
nts,’’ developing in the presence of 
nlight. However, 
thoeyanin development in the roots of 
beet, and in the outer tissue of the 
the radish, which, of 


ifieenee. 


er seasons Generally 


pig- 
intense 


we have 


ts of course, 


never see sunlight. In high alpine plants, 
there is a much greater development of 
anthoeyanin in all parts of the plant 


stems, leaves and flowers—than in plants 
inhabiting the lowlands, even in the case 
of plants of the same species. Our uni- 
versally common weed, the yarrow 
Achillea millefolium), which has white 
flowers in warm lowlands and southerly 
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regions, has red flowers on lofty m 
the north. 


dandelion has darker flowers under thes« 


tains or in far Even 


conditions than with us. <A considerabl 
list of plants have been subjected 1 
periment by European botanists, and 1 
facts as stated have been many times con 
firmed. 
many points of similarity between hig! 


As is well known, there ar 
alpine vegetation and Arctic vegetation 
It was reported by Wulff in 1902, in a 
special investigation of the flora of th 
island of Spitzbergen, that the abundant 
formation of anthocyanin was a disti 
the vegetation, and 
the ap 


proach of autumnal coloration was con 


guishing feature of 
so much was this the case that 
sequently very little marked 
Anthoecyanin develops abundantly 
the floral 
plants. Briefly, all red-flowered plants 
their the 
anthocyanin. It is also noticeable that 


organs of many families 


owe eolor TO presence oft al 


in plants which bear red flowers, but 
which there are also white-flowered vari 
ties, the leaves and stems, and even th: 


seed-coats of the red-flowered varieties 


‘ 


are darker than the similar parts of thi 


varieties, owing to thi 


white-flowered 


presence of the same anthocyanin whic! 


vives the color to the flowers. In sweet 


peas, for example, the purple- and red 


flowered varieties have dark stems and 


leaves and bear seeds with dark seed 


eoats. In other words, red- and purple 
flowered sweet peas bear commonly dark 
pigmented seeds, while light- and white 
colored varieties bear light-colored seeds 
As very common examples of anthocya 
nin in the petals, we have the ordinary 
red geranium, the searlet sage, the red 
lobelia Lobelia cardinalis . the brilliai I 


flowers of the hyacinth and tulip, tl 
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SUN-EXPOSED. 
SUN: VERY 


AMELANCHIER ALNIFOLIA NUTT, 
DEVELOPS ANTHOCYANIN IN THE 
LITTLE IN THE SHADE.1 


common red hollyhocks and innumerable 
Anthocyanin may develop in 
surround the in- 
brilliant 


others. 
leafy 
florescence, as in the 


bracts which 
searlet 
bracts commonly mistaken for petals, of 
the familiar poinsettia (Huphorbia pul- 
cherrima 

Quite a number of species of trees have 
produced varieties with red foliage—in 
other words, varieties with anthocyanin 
development in the foliage to such an 
extent as to mask the green chlorophyll. 
We thus have the purple beech, the 
variety of the common 
maple 
purple-leaved 


purple-leaved 
( Acer 
plum 


barberry, the _ scarlet 
Schwedlert), the 
(Prunus Pissardi) and many others. In 
garden vegetables even, we may have 
anthocyanin varieties of ordinarily 

1The illustrations were taken on Wrattan 
Panchromatic plates. The color-differences 
come out much more clearly in the prints than 
it is possible to reproduce here. 
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green-leaved species, as in the red eab- 
bage, or in the case of the pericarp of 
fruits, as in certain red-fruited varieties 
of plums, in which the anthocyanin pig- 
ment is present in both the epicarp and 
mesocarp of the fleshy edible portion of 
the fruit. 
sionally appears in our fruit stores, is 


The red banana, which oecea- 


undoubtedly simply another case of an- 
thocyanin development in the epicarp of 
the fruit. 
see heaps of anthocyanin fruits in the 


Every summer and fall, we 


market, the blueberries, red raspberries, 
eranberries, high-bush cranberry (Vibur 
num opulus), in the ripe fruits of the 
gooseberry and many others, and in 
abundance in the showy but inedible 
fruits of one of our frequently cultivated 
shrubs, the Tatarian honeysuckle (Loni 
cera Tatarica) and in the fruits of the 
**blood orange.’’ The color of red to- 
mato fruits is due to quite a different 
pigment, lyecopin, closely related to caro- 
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AMELANCHIER ALNIFOLIA NutTtT, IN SHADE. 


VERY LITTLE ANTHOCYANIN. 
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tin, one of the carotinoid pigments, and 
not at all related to the anthocyanins. 
The common strawberry, in which the 
‘“*fruit’’ 
develops an abundance of anthocyanin. 
It might be remarked that there are also 
white or non-anthocyanin forms of the 
strawberry. Finally, anthocyanin is 
sometimes developed in the testa or seed- 


is a fleshy swollen stem axis, 


coat of the seeds of many species of 
plants. This is noticeable in the case of 
beans, peas, sweet peas, red clover and 
other leguminous plants, in morning 
rlory, in the ornamental vine Cobaea 
andens, which has white and purple- 
ywered varieties, with white and dark 
ds, respectively. 
This will give us an idea of the wide 
d indeed almost universal distribution 
anthocyanins in the plant world, and 
have not even referred to the appear- 
‘e of anthocyanin pigment in galls 
| wounded parts of plants, in seed- 
xs in the cool days of early spring, in 
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the leaves of many tropical herbs, suc! 
as begonias, or in the young leaves and 


shoots of tropical trees when the spring 


growth begins in the tropical forests, as 
deseribed by Professor Keeble. of Oxford 
University, and others. The latter re 
marks that the coloration of young 
foliage at low latitudes ‘‘is of sue e] 


eral occurrence, that at the tim 
renewal, a tropical forest rivals in its 
tints the autumnal forests of the tempe 
ate regions.’’ Johow in 1884, writing of 
the Lesser Antilles in the West Indies 
says, ‘‘ All at once a red tint, due to the 
young foliage of the trees, appears in the 
landseape.’’ The Japanese botanist 
Miyoshi, in 1909, observed that leaves of 
trees in the East Indies, Ceylon and 
Java redden during the annual dry sea 
son, in a manner similar to the redden 
ing of autumnal leaves in the temperate 
regions. 


Now, what is this anthocyanin wl) 
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VIBURNUM LENTAGO L. ANTHOCYANIN. DEEP 


CRIMSON ANTHOCYANIN COLOR. 


we find so very widely distributed in the 
plant kingdom? In the first place, we 
should say that it is what is known as 
a ‘‘cell sap pigment,’’ 1.e., a pigment in 
solution in the cell sap and not found in 
plastids. Chlorophyll, xanthophyll, caro- 
tin and some other pigments are found 
in what are known as ‘‘chromatophores’’ 

small bodies consisting of specialized 
masses of protoplasm of characteristic 
form, which act as holders of the pig- 
ment. Anthocyanin is not held in plas 
tid bodies, but is in solution in the cell- 
sap. If we heat a slice of beet in boiling 
water, and thereby kill the cells, the red 
pigment will diffuse from the dead cells 
eut into the water, whereas slices of beet 
laid in water at ordinary temperature do 
not allow the anthocyanin pigment to 
diffuse out, but retain it in the cell sap. 
The anthocyanins as chemical substances 
are undoubtedly closely related to what 
are known as As wé have 
seen, almost all the red, violet and blue 


‘*elucosides.’’ 
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pigments present in plants belong to the 
group of the anthocyanins. The chemi- 
eal formula for the group may be written 
C.H,O,. All or nearly all anthocyanins 
are red or purple in acid solution and 
possess green or blue shades in neutral 
or alkaline solution. We have said that 
the anthocyanins are related to the glu- 
cosides. Let us refer briefly to the gluco- 
sides. They are bodies containing car- 
bon, hydrogen and oxygen, like other 
carbohydrates, sugar, for example. On 
treatment with acids or enzymes, a sugar, 
The 


compounds of 


d-glucose, is produeed. 


briefly 


usually 
elucosides are 
d-glucose, C,H,.O 
compounds. The glucosides are quite 
commonly found in plants. The oil of 
bitter almonds, amygdalin, found in bit 
cherry 


with various organic 


Re 


ter almonds, peach and pits, 


ete.. having the chemical formula 


(C.,H.,0,,N), is a 


Solanin, the poisonous substance in many 


common eluecoside 


plants of the potato family, is a complex 

















RHUS GLABRA L. ANTHOCYANIN. BRILLIANT 
SCARLET ANTHOCYANIN COLOR. 
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glucoside, C,;,H,,0,.N.-H,O.  Salicin, 
C,,H,,0,, is a glucoside which gives the 
bitter taste to willow twigs. The dye in- 
digo, originally obtained from the tropi- 
eal leguminous plant Indigofera tincto- 
ria, the indigo plant, is derived from a 
glucoside known as ‘‘indican.’’ The 
drug digitalis, of great importance in 
medicine, is derived from four gluco- 
sides, of which the most important, digi- 
tox, is found in Digitalis purpurea, the 
foxglove, of the family Scrophulariaceae. 
An interesting fact was discovered by 
Combes in 1909, that red autumn leaves 
if the Boston ivy, Ampelopsis hederacea, 
ymtain more sugars and glucosides than 
ie green leaves of the same species, and 
at the amount of anthocyanin varied 
rectly as the sugars and glucosides. 
Vulff found in Spitzbergen in 1902 that 
arctic plants the leaves are very fre- 
ently 
nly characterized by the presence of 
thoeyanin. 


‘‘sugar leaves’’ and are com- 


Experiments by Ewart, on 
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feeding sugar to water plants, s 


in addition to sugar, strong 

sure is required to cause the deve! 

of anthocyanin experimentally 

»muel 


plants. Ewart’s experiments we1 


extended by Overton in 1899, wil 
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of the poison ivy, Rhus radicans. The 
same is true of Viburnum opulus, the 
high bush cranberry, and many other 
species, such as the pin cherry. It is also 
the case that the leaves of some species 
which ordinarily develop only the yellow 
pigments, such as the aspen and the 
Saskatoon berry, will, in intense sun- 
light, develop a delicate rose tint, show- 
ing the slight development of anthocya- 
nin. That sugar is necessary for the 
development of anthocyanin in autumn 
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leaves is suggested, aside from the ex- 
perimental proof that has been cited, by 
the fact that the leaves of the native oak, 
Quercus macrocarpa, never develop an- 
thocyanin at all on ordinary trees, even 
in intense sunlight. However, in water- 
shoots or sprouts from the stumps of 
felled trees, where the presence of stored 
organic food materials in the medullary 
rays and other cells of the stump and root 
enable a quick growth of shoots of un- 
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usual length and unusually large leaves 
to develop, the development of anthocya- 
nin in such leaves is very common and 
quite striking. Experiments show some 
variation in respect to the effect of light. 
Tulip, iris, hyacinth and crocus develop 
eolor normally if grown in the dark. 
Nasturtium and poppy develop color in 
the dark only if the buds are exposed 
just before opening. Snapdragon and 
other plants show less anthocyanin pro- 
duction in the dark, if the buds had not 
been previously exposed to light. Re- 
garding fruits, it was early noticed by 
the French botanist, Senebier, that ap- 
ples do not redden unless exposed 
directly to light. However, in apples, 
reddening is not a universal phenome- 
non; some varieties of apples, such as the 
Greening, develop no anthocyanin at all. 
However, in the case of fruits of which 
the production of anthocyanin is a 
characteristic feature, as in hawthorn, 
rose, elderberry (Sambucus), it was 
found that, with partial darkening of the 
fruits when green, the anthocyanin de- 
veloped equally well in both the illumi- 
nated and darkened parts. Two compe- 
tent investigators agree that coloration 
of grapes can take place in the dark. 

In general, we may also say that the 
trees and shrubs of the temperate zone 
fall, loosely speaking, into classes with 
regard to the development of the red 
anthocyanin pigment. There is a ten- 
deney among the species of certain nat- 
ural orders to develop anthocyanin, 
whereas the genera of other orders are 
without it. Thus the shrubs and trees 
of the family of the Rosaceae—species 
of Pyrus (pear), Prunus (plum), Rosa 
(rose), Crataegus (hawthorn), very 
readily produce anthocyanin, as do the 
various species of Viburnum of the fam- 
ily Caprifoliaceae. On the other hand, 
plants of the Salicaceae (willows and 
poplars), Juglandaceae (walnuts and 
hickories), Betulaceae (birches and al- 
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ders), Fagaceae (walnut, chestnut and 
oak) very generally develop no antho- 
eyanin. However, the scarlet oak (Quer- 
cus coccinea) and the North American 
hazel (Corylus americana) are excep- 
tions. Grapes, hollyhocks, petunias, 
violets, ete., have one anthocyanin— 
**delphinidin chloride.’’ Pelargonin, the 
least oxygenated of any of the antho- 
eyanins, is in many scarlet flowers, such 
as Salvia (scarlet sage), purple and red 
asters and red geraniums. Cyanidin is 
the anthocyanin of deep red dahlias, 
cornflower and poppies, and of the fruits 
of cherries, cranberries, currants, moun- 
tain-ash berries, etc. Peonidin is the 
anthocyanin of deep red peonies. 

Now we must turn from the antho- 
eyanins, which give the autumnal reds, 
to the yellows of the autumn colors, and 
we may mention the fact that all shades 
of intergrading exist between autumn 
leaf coloration due to anthocyanins alone 
and coloration due to the yellow pig- 
ments alone. 

The yellow pigments in the autumn 
leaf belong to the class of what are 
known as ‘‘plastid’’ pigments, that is, 
pigments borne in bodies in the cell 
known as ‘‘plastids.’’ The plastid pig- 
ments of the plant cell, in the case of the 


higher plants, are typically four, two 


green pigments, known as chlorophyll a 
and chlorophyll b, and two yellow or 
orange pigments known as ‘‘carotinoids’’ 
ealled xanthophyll and carotin. These 
four pigments, in the case of the higher 
land plants, exist in the leaves, on the 
average, in the following proportions (in 
percentages of 100). 


Percentage 
in the leaf 


Chemical 
Pigment formula 
1 CuHnOsNuMg . 
2. bt CssHwOcNsMg . 
3. Xanthophyll CoHsO. 
4. Carotin 


. Chlorophyll a* — 


per cent. 


* Chlorophyll a in alcohol is bluish-green with 
deep red fluorescence. 

+ Chlorophyll b in alcohol has a yellowish tinge 
as compared with a and has a brownish-red fluores- 
cence. 
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In other words, chlorophyll a is present 
with chlorophyll b in the proportion of 
approximately 3:1. Of the two ecaro- 
tinoid pigments, xanthophyll is present 
in proportion to carotin in the ratio of 
nearly 2:1. In the fall, as the chloro- 
phylls are decomposed, the carotinoid 
pigments become visible, often, as has 
already been said, together with the de- 
velopment of the anthocyanins. The 
enormous display which the two caro- 
tinoid pigments make when they do 
occur alone, as in the leaves of the elm, 
the birch and the poplars, is all the more 
striking when we consider the relatively 
small percentage by weight in the leaves, 
which these pigments make. Willstitter 
and Stoll, the great investigators of the 
leaf pigments, determined that the total 
four leaf pigments form 3.25 per cent. of 
the fresh weight of the leaves, and 8.21 
per cent. of their dry weight. The yellow 
and orange pigments, taken together, 
form only 0.5 of one per cent. of the fresh 
weight of the leaves and only 1.9 per 
cent. of their dry weight. In other words, 


leaving out the anthocyanins, which are 
responsible for all the red coloration, the 
great sheet of yellow which spreads over 
our avenues of elms, and covers the ash 
trees in the woods, is caused by pigments 
which form but 4 of one per cent. of the 


weight of the fresh leaves. How far 
anthocyanin may go toward producing 
a color-dispiay may be seen from the 
humble example of the red cabbage, in 
which the profound red color is caused 
by anthocyanin pigment found in but a 
single layer of cells beneath the epidermis 
of the leaves. 

One more addition may possibly be 
furnished to the yellow pigmentation, 
viz., the possible occurrence of ‘‘fla- 
vones,’’ or flavonols, compounds which 
usually occur in plants in the form of 
glucosides, i.e., the flavone is combined 
with a sugar. The flavones themselves 
give rise to various dyestuffs in plants, 
such as quercetin, brazilin, to which the 
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well-known haematoxylin dye derived 
from logwood is closely related. Haema- 
toxylin is one of the most important of 
dye stuffs. It weights silk to about 200 
per cent. of the original weight of the 
silk, and the volume of the silk is en- 
larged, so that the fiber has greater in- 
crease of wearing surface. However, in 
the plant, the compounds of flavonol and 
sugar known as flavone glucosides, are 
practically colorless. Nevertheless, by 
chemical action, color may develop. For 
instance, almost all white flowers turn 
yellow when exposed to the fumes of 
ammonia, owing to the formation of a 
salt of ammonium with the flavones. 
The vast majority of yellow to orange- 
red flowers owe their color, as has been 
said, to the plastid bodies in the proto- 
plasm of the cells, known as ‘‘chromato- 
phores,’’ containing the two carotinoid 
pigments, xanthophyll and carotin. Very 
little is known regarding the character 
and distribution of the carotinoids in 
most of these cases. In general, how- 
ever, it may be said that yellows of a 
primrose or sulfur-yellow color are due 
to flavones or related pigments dissolved 
in the cell sap instead of being held in 
chromatophores. It is interesting to 
know that xanthophyll, for example, is 
also found in animal tissues, as in the 
yellow feathers of many brilliantly plu- 
maged birds, such as the male canary. 
The color of the yolk of eggs is also due 
to this autumn leaf-color, xanthophyll. 
It appears that the autumn carotinoids 
never equal in quantity those present in 
midsummer, Tswett, in 1908, has made 
perhaps the most reliable study that we 
have at present on which to base a knowl- 
edge of the yellow autumn colors of 
leaves. He studied yellow autumn leaves 
of nineteen species, and found that the 
bulk of the yellow pigments before the 
post-mortal period of the leaf were what 
he called ‘‘autumn xanthophylls.’’ He 
also found in autumn leaves proof of the 
presence of colorless substances known 
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as ‘‘chromogens’’ or ‘‘color-formers,’’ 
which give golden yellow salts with 
alkalies and which, he held, may at times 
play a part in autumn coloration. 

The flavones, to which reference has 
just been made, are yellow crystalline 
substances with high melting-points. 
They either give a deep yellow or an 
orange-yellow coloration with alkalies. 
Their distribution is practically uni- 
versal in plants. Almost any white 
flower will turn bright yellow in am- 
monia vapor, owing to the formation of 
an ammonium salt. The same yellow 
reaction takes place in green leaves also, 
but is masked by the chlorophyll. There 
is little doubt that the flavones are manu- 
factured in the plants from sugar, al- 
though the actual steps are difficult to 
demonstrate. It has been suggested that 
the flavones are the sources of the antho- 
eyanins in the plant. Combes obtained 
anthocyanin experimentally from red 
autumn leaves of the Virginia creeper, 
and conversely oxidized the anthocyanin 
and obtained a flavone. 

To summarize, the yellow colors of 
autumn leaves are due to what are known 
as the ‘‘carotinoid’’ pigments of plants, 
xanthophyll and carotin, and principally 
to the yellow pigment xanthophyll; the 
red coloration is due to various glucosides 
known as ‘‘anthocyanins,’’ and the vary- 
ing combinations of different proportions 
of xanthophyll and carotin, together 
with the anthocyanins, give the multitude 
of intergrading shades of orange-yellow, 
red-and-yellow, red-orange, etc. We 
should remember that the ‘‘carotinoid’’ 
pigments are found in the chloroplasts, 
together with the two green chlorophylls, 
which give the green color to living 
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leaves, while the anthocyanins are not 
found in the plastid bodies of the plant 
cell, but are formed in the cell sap. As 
the autumn draws on, the leaves become 
cut off from vital connection with the 
twigs and branches by a layer of cork, 
known as an ‘‘absciss layer,’’ which 
forms at the base of the petiole of the 
leaf and which cuts off the connection 
between the conducting vessels of the 
stem and those of the leaf. This brings 
about gradually the death of the leaf, 
independently of frost. As the proto- 
plasm of the leaf-cell dies, the plastids, 
which are protoplasmic bodies, die also, 
and the green chlorophyll held in them 
decomposes first, leaving the two caro- 
tinoid substances—the xanthophyll and 
the carotin—which had remained masked 
by the chlorophyll during the life of the 
leaf, now fully exposed, and the leaves 
therefore become yellow. If sugar is 
present and the leaves are exposed to 
light, an anthocyanin may be developed, 
and the leaves may become completely 
red in color. With less anthocyanin, 
various combinations of red and yellow 
develop. Thus we have the autumn 
pageant of glorious reds and yellows, 
brightening the landscape of the darken- 
ing woods, and, due to the simple fact 
of the death and decomposition of the 
green chlorophyll, which throws the hid- 
den yellow pigments into view, supple- 
mented by the gorgeous reds of the antho- 
eyanins produced from the sugars of the 
leaf. All this occurs when the fall draws 
on gradually with little frost. An early 
hard frost destroys the yellow pigments, 
prevents the development of the red 
anthocyanins, and the leaves of the forest 
turn a lifeless brown. 
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By Dr. J. M. CAIE 


Two years ago, Dr. Venn, who pre- 
sided over this section during the meet- 
ings of the association at Norwich, 
delivered a masterly address on ‘‘The 
Financial and Economic Results of State 
Control in Agriculture.’’ To-day my 
subject is ‘‘State Intervention in Agri- 
culture,’’ and for any apparent infringe- 
ment of his copyright I tender him an 
apology. The reasons for my choice are 
twofold. In the first place, it is the cus- 
tom, very rightly, for those who have the 
honor to be presidents of sections to deal 
with matters of which they have made a 
special study or have some first-hand 
experience. Being a mere administra- 


tive official and not a scientific worker, 
as the term is generally understood, I 
must, if I am to follow the excellent 
precedent, restrict myself to the field in 


which I happen to work. 

My second reason is less personal. In 
the economic and political conditions of 
the world in recent years the importance 
of agriculture in the life of the state, not 
only in this country but elsewhere, has 
received growing recognition. That rec- 
ognition may not always have been quite 
spontaneously accorded ; rather indeed it 
has been extorted by economic and social 
forces of a most complex and compelling 
kind. Over-production and under-con- 
sumption, of which we have heard so 
much, have thrust agriculture to the 
middle of the stage and into the beam of 
a pale blue limelight. The agriculturist, 
east too often for the part of the starving 
orphan, has raised his voice, now in 
lamentation, now in vituperation, calling 
on the state for help or fair play or pro- 
tection against some industrial ogre or 


1 Address of the president of the Section. of 
Agriculture. British Association for the Ad- 
vancement of Science, Nottingham, 1937. 


foreign invader. And the state, moved 
by his ‘‘ exceeding bitter cry,’’ has played 
the part sometimes of the fairy god- 
mother, sometimes of the heavy father, 
and sometimes, so the farmer may say, 
of the deaf and cunning uncle. But 
never probably, save in the war years, 
have the state and the farmers been so 
closely interested in each other. And 
that is the second reason for my choice, 
which I have made in the hope that pos- 
sibly a general survey of the relation of 
state and farmer might be of some little 
value. In attempting that survey, I 
believe that, despite the title of the paper, 
I shall trespass little if at all on that part 
of the subject which was examined so 
penetratingly and expounded so lumi- 
nously by Dr. Venn. 

One cautionary statement I must make 
before I go further. When speaking 
here, I do so entirely as a private indi- 
vidual and not as an official; the depart- 
ment to which I belong is in no way re- 
sponsible for this address and must not 
be held as necessarily agreeing with any- 
thing it contains. 

For purposes of definition, it is desir- 
able to show, as concisely as possible, the 
part occupied by agriculture in the eco- 
nomic structure of the state. The fol- 
lowing tables give the essential facts 
relating to areas, holdings and popula- 
tions, the output of food from our farms, 
and the contribution they make to the 
total food consumption of the people. 
As a matter of interest, corresponding 
figures are given for two other countries, 
Denmark and Norway, which are more 
agricultural and less industrial than 
Great Britain. These tables have been 
very kindly prepared for me by Mr. W. 
H. Senior. Most of the data relating to 
Denmark have been obtained from Pro- 
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fessor O. H. Larsen, and those for Nor- 
way from Professor Paul Borgedal ; I am 
much indebted to these gentlemen for 


their kindness and courtesy. 








Great 


Britain Denmark 


Norway 





Number of agri- 
cultural hold- 
ings. 


Total cultivated 
land, arable 
and permanent 
grass. 


Total population. 


Number of people 
per acre of cul- 
tivated land. 


Percentage of 
population in 


(Over 1 
ha., t.e., 


(1935). 

29,555,271 7,975,000 
acres acres 
(1935). (1935) 

(approx.). 

44,790,485 3,550,656 
(1930) (1930) 
About 1.5 About 
0.45 


5.7 29 per 
per cent. cent. 
(Workers (Workers 


0.5 ha., 
t.e., 1.25 
acre.) 
208,550 
(1930). 


2,500,000 
acres 
(1930) 


(approx.). 


2,814,194 
(1930) 
About 

1.1, 


30 per 
cent. 
(All 


agriculture. 
of total of total 
occupied occupied 
population) popula- 
tion) 


persons) 


The chief facts to note here are the 
familiar ones, brought out in the last two 
lines, that in Great Britain the number 
of persons per acre of cultivated land, 
1.5, is relatively high, being three times 


as many as in Denmark and nearly half 
as many again as in Norway, while the 
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percentage of the population engaged in 
British agriculture, about 6 per cent., is 
very low as compared with 20 or 30 per 
cent. in the other two countries. Not- 
withstanding the importance and value 
of our industrial development, this figure 
of 6 per cent. has social and other impli- 
eations which have exercised the minds 
of many people and need not be elabo- 
rated here. 

This table shows that, as is again fairly 
well known, the products of our animal 
husbandry account for a very large pro- 
portion of the output of our land, about 
72 per cent. The proportions in Den- 
mark and Norway are even higher, and 
incidentally it may be remarked that in 
Scotland the figure stands at about 82 
per cent. Our milk, it will be observed, 
is worth much more than our beef; our 
eggs are more valuable than the whole of 
our cereal crops put together, and taken 
along with poultry are fully equal to our 
mutton and lamb. This table affords 
much food for thought to those who are 
responsible for shaping the agricultural 
policy of the country. The facts it con 
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tains and the agricultural conditions it 
illustrates are indeed of fundamental 
importance. These facts result from our 
soil, our climate and the consequent ex- 
perience and aptitude of our farmers; 
they are not entirely unalterable, but any 
policy of improvement, development or 
control must primarily be based upon 
them. 

The value of the agricultural output 
per acre of cultivated land is, in round 
figures, £8 in Great Britain and Norway, 
and £11 in Denmark. In contrast to this, 
the annual output per person in British 
agriculture is about £200, and in Danish 
about £150. 


Se_F-SuFFICIENCY IN REGARD TO IMPORTANT 
PRODUCTS 


wee Denmark Norway 


1935 ~—i‘éi288GC~t=*é 


Home 

Produced 
Imported 
Home 

Produced 
Imported 
Imported 


oo] 
g 
& 
x 
Ps 
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cent. 
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oe Per 
& cent 
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cent 
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= 
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Beef and veal . 
Mutton and 
lamb 100 
Pork and bacon 50 5 100 

> ‘ 99 
— ry me) 7 100 
Milk (liquid). . 
I 100 


7 
95 


96 100 — 100 





N.B.—Estimates for United Kingdom and Den- 
mark based on quantities, those for Norway on 
values, 

The figures in this third table need lit- 
tle comment and are in a sense a corol- 
lary to those in the two previous tables. 
As regards animal products, the two 
Scandinavian countries are self-support- 
ing, whereas we produce only about, very 
roughly, half our requirements of the 
various kinds of meat, nearly four fifths 
of our poultry and two thirds of our eggs. 
We produce all the liquid milk we con- 
sume, but only 30 per cent. of our cheese 
and 10 per cent. of our butter. Of wheat 


we import about three fourths of our 
annual ration and of barley fully half, 
but we grow over nine tenths of our oats 
and nearly all the potatoes we eat. 

So much for agriculture as a producer. 
What about agriculture as a buyer of the 
products of other industries? Only a 
rough and possibly unreliable estimate 
ean be given. According to the farm 
accounts obtained for 245 Scottish farms, 
of different kinds and in different dis- 
tricts, for the years 1934-35, the esti- 
mated expenditure on building materials, 
implements and machinery, electricity, 
fuel, chemicals, fertilizers, etc., amounted 
to from 14s. to 20s. per acre of cultivated 
land. Admittedly this is a small sample 
on which to base a generalization, but, 
taking it for what it is worth, it would 
represent a gross total of from twenty to 
thirty million pounds for the whole coun- 
try. The corresponding figures per acre 
are for Denmark 26s. (based on 810 farm 
accounts for 1935-36), and for Norway 
from 12s. to 21s. 

It may be noted that no allowance is 
made for the personal purchases of the 
agricultural population, which presum- 
ably would be made, more or less, no 
matter what the employment of the 
people might be. The figures represent 
the purchases of the agricultural indus- 
try as such and show to what extent it is 
the customer of other industries. 

The word ‘‘intervention’’ is sometimes 
used as being equivalent to control. In 
this paper it has a wider meaning and is 
intended to cover the various ways in 
which the action of the state may impinge 
6n agriculture—the ‘‘impact’’ of the 
state on agriculture, to borrow the word 
employed by Sir Josiah Stamp in his 
presidential address to the association 
last year. Intervention, according to 
this definition, falls broadly into three 
categories: (1) Control, 1.e., statutory 
compulsion, enforced by penalties; (2) 
the statutory provision of means by 
which agriculturists may take voluntary 
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action to do certain things and, in the 
event of such action, to compel a minor- 
ity to conform to the wishes of a major- 
ity; (3) the giving of direct or indirect 
assistance, financial, advisory, protec- 
tive, ete. 

Let us first consider control. A com- 
plete stranger visiting these islands 
might receive an impression, perhaps 
from an agricultural newspaper, or a 
farmer’s meeting, that the agriculturists 
were oppressed by the rules and regula- 
tions of a government that joyed in 
tyranny, aided by a horde of official tor- 
mentors who not only battened on the 
sufferers but were often accused of being 
the real inventors of the legislative boots 
and thumb-screws. The depth and per- 
manence of that impression would de- 
pend in the first place on where the 
stranger came from. If he came from 
certain European states, the impression 
might be fleeting; comparing conditions 
here with those to which he had been 
accustomed, he might soon say, ‘‘Here 
is peace: here indeed is freedom.’’ And 
if he looked a little undes the surface and 
studied the relation of state and people 
in this democratic country, he would dis- 
cover that a government, no matter how 
inspired by good intentions and a large 
majority, could rarely if ever pass a law 
that was unacceptable to the general com- 
munity, agricultural or other, or, if it 
succeeded in doing so, would find it very 
hard to administer it effectively. To 
legislate in advance of publie opinion is 
no easy matter. Those who have to do 
with the formulation of legislative pro- 
posals, subsequently to be embodied in 
parliamentary bills, know that an Act 
of Parliament does not emerge suddenly, 
fully armed from the head of Jove. 
Usually it is only after prolonged discus- 
sion and consultation with organizations 
and individuals that a bill takes shape 
and gets into sufficient training, so to 
speak, to run the gauntlet of parlia- 
mentary criticism. It is true that a gov- 
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ernment, having to weigh as best it can 
the conflicting claims and interests of 
different industries and sections of the 
population, may not always meet the 
wishes of agriculture; but on examina- 
tion it will generally be found that while 
it may withhold desired benefits, it sel- 
dom if ever attempts to impose an agri- 
cultural law to which there is wide and 
strong objection throughout the indus- 
try. The contribution of the civil ser- 
vant, the bureaucrat, to the 
legislative process may be one of labor 
and anxiety, but to call him the real vil- 
lain of the piece is to flatter him and to 
ignore the fundamental and very real 
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principle of ministerial responsibility. 
The British civil servant is truly a ser- 
vant, informing and advising so far as he 
reasonably may, but always obeying loy- 
ally the government of the day, no mat- 
ter what its color or its political philoso- 
phy may be. And, if I may 
British ministers, of whatever party, do 
not fail to accord to the Civil Service a 
corresponding loyalty and that protec- 
tion from any party criticism without 
which the impartiality and 
devotion to duty could not be maintained. 
The system is the product of a long evo- 
lutionary process; it may have defects, 
but it is at any rate the fruit of the politi- 
eal genius of the British nation. This, 
however, is something of a digression. 

If our foreign visitor were historically 
minded, he might be interested to look 
into the past to see how present measures 
of control compare with some of those to 
which agriculture was subjected in for- 
mer days. I have no time in this paper, 
nor have I the qualifications, to accom- 
pany him in any comprehensive study of 
the subject. One can but glance at a few 
of the more noticeable instances, in some 
eases forming precedents or foundations 
for later legislation. In his ‘‘ English 
Farming Past and Present’’ Lord Ernle 
says that, ‘‘In the early stages of history, 
the law itself was powerless to protect 
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individual independence or to safeguard 
individual rights. Agriculture, like other 
industries, was therefore organized on 
principles of graduated dependence and 
collective responsibility. Medieval man- 
ors in fact resembled trade guilds. . . .’’ 

These continued until the local and 
gradual break-up of the manorial organi- 
zation of agricultural labor was acceler- 
ated by the Black Death (1348-49). 
Labor became so scarce that panic wages 
were asked and paid until in 1349 by 
Royal Proclamation all men and women 
**bond or free,’’ unless tilling their own 
land or engaged in merchandise or in 
some other craft, were compelled to work 
on the land, where they lived at the rate 
of wages current in 1346. Here, nearly 
600 years ago, was wages regulation of a 
pretty drastic kind, but it was a maximum 
that was fixed, not a minimum. Later on, 
in 1563, we find another notable effort to 
control the labor market in the Statute of 
Apprentices, which enacted, inter alia, 
that all persons between 12 and 60, not 
exempted by the statute, could be com- 


pelled to labor in husbandry and that 
masters unduly dismissing servants were 
fined and that servants unduly leaving 


masters were imprisoned. It also stated 
hours of labor and provided for the fixing 
of wages by Justices of the Peace. 

The story of land enclosure is well 
known and need only be mentioned as an 
illustration of state intervention, operat- 
ing first in one direction and afterwards 
in another. In the sixteenth century, 
land enclosure, involving ‘‘the break-up 
of medieval agrarian partnerships and a 
substitution of private enterprise for the 
collective efforts of village associations,’’ 
was opposed and partly arrested by legis- 
lation; in the eighteenth century it re- 
ceived from Parliament encouragement 
and support. Many individuals suffered, 
but the ultimate benefits to agricultural 
production and to the state as a whole can 
not be denied. It is interesting to_note 
that in 1589, to relieve the laborers who 
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lost their livelihood through the enclosure 
of land for pastoral purposes, it was en- 
acted that not more than one family was 
to occupy each cottage, and to each cot- 
tage 4 acres of land were to be attached. 
The recent movement to provide allot- 
ments or small pieces of land for unem- 
ployed industrial workers seems almost 
like a faint echo of that distant law. 

As an example of compulsion indirectly 
benefiting agriculture, one may cite the 
law passed early in the seventeenth cen- 
tury making it a penal offence for any 
person over the age of six not to wear on 
Sundays and holidays a cap made of 
English cloth. Later, in 1666, the law did 
not stop short even at the gates of the 
churchyard, for it required that the dead 
should be buried in shrouds of home- 
grown wool. In passing, it may be noted 
that about the same time the Government, 
‘for the sake of multiplying seamen,”’ 
had ordained fast-days on which only fish 
was to be eaten. With precedents of that 
sort before us, we are almost tempted to 
long for an act making the consumption 
of oatmeal, milk and herrings obligatory, 
and the possession of a tin-opener a 
eriminal offence; it would solve several 
current problems of Scottish agriculture 
and fisheries. 

Legislation of another kind prevailed 
throughout the eighteenth century, when 
home production was encouraged by the 
placing of a duty on the importation of 
foreign corn and the payment of a bounty 
on exported corn, combined, however, 
with frequent prohibitions of exports. 
Similar laws were enacted to encourage 
the raising of cattle, and importations 
from Ireland were prohibited. But legis- 
lation, says Lord Ernle, did not raise 
prices; it only succeeded in maintaining 
them. Increased production at home 
counteracted the effect which limitation 
of imports was designed to produce. It 
is unnecessary here to retell the story of 
the corn laws and of their repeal or to 
touch on more recent fiscal controversies. 
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The earlier instances of state interven- 
tion that I have cited were all English, 
but the Scottish parliament also provides 
us with some interesting examples. With 
regard to labor, the extinction of serfdom 
having been considered productive of in- 
dolence, a statute of 1424 required cottage 
holders to perform a certain amount of 
labor on the land, a provision for which 
we have had an English parallel. At 
almost the same date, 1426, we find Par- 
liament taking partial control of crop- 
ping. To secure a greater variety of 
crop than the oats and bere which were 
chiefly cultivated, it was enacted that 
every man tilling with a plough of eight 
oxen should sow every year at least a fir- 
lot of wheat, half a firlot of peas and forty 
beans, ‘‘under the payn of ten shillings.’’ 
At a much later date, 1703, a curious act 
relating to cultivation was passed, for- 
bidding any butcher to have more than 
one acre of land for grazing unless it be 
tilled annually, under penalty of £100 
Seots for each offence, loss of the cattle 
found grazing and loss of the freedom of 
the burgh. Public health and amenity 
were not overlooked, for to improve the 
aspect of the country, check malaria and 
provide shelter, all freeholders were re- 
quired (1457) to plant on their land 
trees, hedges and broom. Nearly two 
hundred and fifty years later (1695) an 
Act for the preservation of meadow lands 
and pasturages near sandhills forbids the 
pulling up of bent, juniper and broom. 

The necessity of keeping down weeds 
was recognized in the statute which re- 
quired the cleansing of land from 
‘‘euld,’’ «.e., marigold. The act, with a 
touch of humor now sadly lacking in mod- 
ern statutes, sets forth that any one who 
planted ‘‘guld’’ deserved punishment as 
amply as if he had led an army against 
the king and barons. 

Pig-feeding was discouraged. No bur- 
gess could permit swine to remain in the 
fields without a keeper, and they had to 
be kept out of plantations and hunting 
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ground, while it was decreed by Parlia- 
ment that the owner of a hog which made 
a hole in a meadow or open place should 
be compelled to fill the hole with grains 
of wheat. 

Security of tenure is a subject of which 
we still hear. In the middle of the fif- 
teenth century (1449) there was passed 
what might almost be called the first of 
the Agricultural Holdings Acts. It pro- 
vided that ‘‘for the safetie and favour of 
the puir papil that labouris the grunde, 
that thay and all utheris sall remaine 
with their tackes unto the ischew of their 
terms, quhais hands that ever thay 
landis cum to.’’ In other words, a 
change of ownership of the lands did not 
involve the dispossession of the sitting 
tenants. Our present law restricting the 
period for ‘‘making muirburn,’’ i.e., 
heather burning, goes back, with some 
difference of the dates, to at least 1400. 

Storage of grain, a measure now advo- 
cated by some for purposes of defence, 
was not considered desirable in the fif- 
teenth and sixteenth centuries, for in 
1449 it was enacted that ‘‘to prevent 
dearth,’’ no old stacks of corn were to be 
kept in the yard after Christmas; in 
1452 the date was extended to the end 


. of May; and in 1563 to the 10th of July. 


These few examples of how in the past 
the state has laid its hand, sometimes 
heavily, sometimes helpfully, on agricul- 
ture are obviously very far from exhaus- 
tive and are not intended in any way to 
constitute a historic survey. They have 
been selected almost at random, to show 
that intervention—<«all it interference if 
you will—however much we may think 
we suffer from it to-day, is no new thing. 
You will observe that the intervention 
was almost all of the compulsory kind, 
the single exception among the instances 
quoted being the Scottish Act conferring 
a degree of security of tenure. 
ond eategory is not represented and there 
is no bestowal of direct benefits, such as 
subsidies, ete. 


My 8ec- 
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Having glanced at some precedents, 
let us consider the present state of 
affairs. We are all, of course, subject to 
state control of various kinds; we must 
educate our children, pay income-tax, 
drive our cars carefully, refrain from 
buying or selling certain goods after cer- 
tain hours, and so on. Some people think 
we have far too much of such control, 
others find their yearnings still unsatis- 
fied, and are eager to kiss, or to see others 
kissing, almost any new rod. There are, 
indeed, probably few of us who could not 
mention some objectionable thing that 
other people ought not to be allowed to 
do. But here we are considering not the 
common burdens that have been laid 
upon all citizens, but only those special 
ones that have been imposed upon the 
agriculturist as such. I am not going to 
trouble you with a catalogue of Acts of 
Parliament, nor need I refer to the vari- 
ous compulsive or restrictive measures of 
war-time. It will be sufficient to mention 
some of the existing laws in my first cate- 
gory that come most readily to mind. 

The farmer is bound to furnish to the 
government annual statistical returns of 
his crops and live stock. For many years 
the returns were made voluntarily, but 
since 1925 they have been compulsory. 
The filling up of forms is one of life’s 
minor worries, but no one could say that 
the compilation of accurate agricultural 
statistics is not essential for the proper 
understanding of many of the major 
agricultural questions with which the 
government and the farmers themselves 
have to deal. 

The Contagious Diseases of Animals 
Acts, administered for the whole of 
Great Britain by the Ministry of Agri- 
culture and Fisheries, may at times inter- 
fere seriously with the activities of the 
farmer as a stock-owner, but without 
them he would undoubtedly be exposed 
to vastly greater and possibly catastro- 
phic losses. Similarly, the Destructive 
Insects and Pests Acts may occasionally 


hamper him as a crop grower, but on the 
other hand they afford him protection 
with which he would not willingly dis- 
pense. These two laws are in fact more 
protective than restrictive, and I have 
never heard any one suggest that they 
should be repealed. 

As a breeder of horses and cattle, the 
farmer must conform to the requirements 
of the Horse Breeding Act and the Li- 
censing of Bulls Act, which are designed 
to prevent the use of inferior sires. Here 
again agricultural opinion is, in general, 
entirely on the side of the law; represen- 
tations have, in fact, been received from 
responsible quarters that the principle 
should be extended to pig-breeding. 

A statutory system of prescribing and 
enforcing the payment of minimum 
wages to agricultural workers has been 
operative in England since 1924, and 
Parliament has recently passed an act 
introducing a similar system into Scot- 
land, where at the time of the passing of 
the English act, and for several years 
after, the workers themselves, as well as 
the farmers, were opposed to having such 
legislation. Here perhaps we come to a 
subject not quite free from controversy. 
But if it be accepted that without such 
legislation there is a danger that the pay 
of the worker might fall below the 
amount necessary to maintain him and 
his family in a reasonable degree of com- 
fort, there are few who would deny its 
justice. Criticism of the law has been 
based not, I think, on this ground, but 
rather on the ground that certain other 
steps should be taken to enable the 
farmer, in his economic difficulties of 
recent years, to pay a satisfactory wage. 
The criticism, so to speak, has been con- 
sequential rather than direct; there has 
been little opposition to the fundamental 
principle embodied in the acts. 

The Corn Production Act is remem- 
bered with mingled feelings. One soli- 
tary vestige of it remains in operation, 
the section requiring the destruction of 
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certain specified weeds. As these are 
weeds which, if unchecked, may spread 
far and wide, there need be little sym- 
pathy with the delinquent who permits 
them to grow, to the detriment of his 
fellow-farmers. 

Under the Milk and Dairies Acts, the 
dairy farmer, in the interests of public 
health, has to conform to certain stand- 
ards of cleanliness, accommodation, 
equipment, ete. 

Certain restrictions, not very onerous, 
are laid on farmers by such acts as the 
Animal Anesthetics Act, the Dangerous 
Drugs Act, the law relating to Heather 
Burning in Scotland, the Slaughter of 
Animals Act, and some others which may 
occur to you. 

Whether the state presses more or less 
heavily on agriculture than on other 
businesses, ¢.g., shipping, mining, manu- 
facture, shops, railways, etc., I am not in 
a position to estimate; but later in this 
paper I shall venture on the opinion that 
the farmer is perhaps fortunate in that 
the hand of the law does not hold him 
in a tighter grasp than it does at present. 

I come now to my second category of 
state intervention : that in which the state 
does not at first hand compel or prohibit, 
but gives farmers the opportunity to 
organize themselves for certain purposes 
and, should the necessary majority of 
producers decide to avail themselves of 
the opportunity, empowers them to 
secure conformity by the minority and 
to impose penalties on recalcitrant or 
erring individuals. The Agricultural 
Marketing Acts are the only laws that 
come strictly within this definition, 
although the Agricultural Produce 
(Grading and Marking) Act is similar 
in that the adoption of the National Mark 
under it is permissive, but when it is 
adopted it conveys a statutory guarantee 
of quality, with penalties for misuse. As 
you know, the Marketing Acts are a 
recent institution in this country. 
Hitherto, agricultural cooperation for 
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the marketing of agricultural products 
had been on an entirely voluntary basis, 
with the advantages and disadvantages 
inherent in such a system: on the one 
hand, complete freedom of the individual, 
and on the other the danger that the 
desires of a majority might in practice 
be frustrated by a minority who, for 
various reasons—personal gain, 
sightedness, secretiveness, love of indi- 
vidual independence—were unwilling to 
observe the rules and limitations neces- 
sary to secure successful collective action. 
But under the Marketing Acts, coopera- 
tion can be fortified with some very effec- 
tive artillery. Fundamentally, however, 
the principle is still voluntary and the 
system democratic. Unless the required 
majority of the producers of a certain 
commodity vote in favor of the market- 
ing scheme submitted to them at a poll, 
the government has no power to impose a 
scheme upon them. In Scotland, for ex- 
ample, two raspberry marketing schemes 
have been rejected at the poll and there 
the matter ended. And should a scheme 
be adopted and approved by Parliament, 
it is administered by a board elected by 
the registered producers themselves. 
The need for improved marketing 
methods in this country is widely, if not 
universally, admitted ; the economic dan- 
gers and disadvantages to the farmers of 
the indiscriminate sale of their goods in 
haphazard quantities and of irregular 
quality by hosts of unrelated producers 
have been only too apparent in the past; 
and the weakness of purely voluntary 
cooperation as a remedy has been illus- 
trated more than once. (The compara- 
tive failure of the Scottish Milk Agency 
scheme may be cited as an instance.) In 
view of all this, the difficulties and con- 
troversies to which the Marketing Acts 
and their derived schemes have given rise 
may be a matter for some surprise, but 
only, I think, to those not familiar with 
all the facts. One fact is the strong in- 
dividualism of the British farmer, begot- 
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ten of tradition, experience and his whole 
way of life. Sometimes, in the modern 
world, individualism may be a handicap ; 
but the modern world too can show us 
many instances in which its absence is 
even more to be deplored. In this coun- 
try most of us still believe that, in the 
words of John Barbour, ‘‘ Freedom is ane 
noble thing.’’ We must, however, retain 
our sense of perspective, and it is possible 
to exaggerate the degree of subservience 
to which farmers are subjected by a 
scheme which a majority of them was free 
to accept or reject and which, when ac- 
cepted, is administered by their own rep- 
resentatives. Another and an important 
fact is that the marketing schemes are of 
a novel and necessarily complicated kind. 
Experience has to be gained, experiments 
have to be made, the engine has to be 
run in, mistakes in driving, sometimes 
serious mistakes, are inevitable for a 
time. Patience and tolerance are re- 
quired. It is better surely to adjust the 
bearings and tighten loose nuts than to 
throw the spanner into the works and 
wreck the whole machine. For even the 
critic must admit that the acts and the 
schemes are at least earnest attempts to 
remedy serious defects in one important 
side of British farming. 

The subject is being treated in a sepa- 
rate paper this morning, and I do not 
propose to discuss it in any further de- 
tail. But I will conclude my reference 
to it by quoting the opinion of one 
authority who has written: ‘‘The Mar- 
keting Acts are the equipment for a great 
experiment in the possibility of farmers 
organizing their industry themselves, 
with due regard to the interests of the 
consumers. If the experiment succeeds, 
it may postpone indefinitely such drastic 
changes in the structure of agriculture 
as those which are taking place in Soviet 
Russia. If it fails, not less but more con- 
trol will be inevitable.’”” How many of 
you will agree with that view I do~-not 
know. 


Having considered briefly the methods 
by which the state helps the farmer by 
laying restrictions on him for his good 
and by handing him the keys with which 
to open, if he will, the palace called Or- 
ganized Marketing, where the enchanted 
princess, disguised as the British house- 
wife, awaits him, let us now, in the third 
place, glance for a moment at the other 
ways, some of them quite direct, in which 
he is aided and supported. Fortunately, 
it has been unnecessary for me to seek out 
all the facts from the numerous and 
sometimes rather elusive official publica- 
tions and records in which they are con- 
tained, for that difficult task was most 
ably performed two years ago by Dr. 
Venn, to whose address I refer you. At 
the levels then current, the gross total of 
financial assistance afforded to agricul- 
ture, including forestry, and allowing for 
local taxation reliefs, amounted to up- 
wards of thirty-three and a half million 
pounds, from which he deducted ten and 
a quarter millions representing the debit 
caused by the action of the Wages Com- 
mittees, thus bringing out a net gain of 
about twenty-three and a half millions. 
Some adjustment of these figures is re- 
quired at the present date. Owing to the 
rise in the price of wheat, the wheat sub- 
sidy, which as you know is not a direct 
Treasury grant but is obtained from the 
consumers of flour, is at present negli- 
gible. On the other hand, the cattle sub- 
sidy now stands at five millions instead of 
three and a third, and sums amounting 
to a maximum annual total of £3,490,000 
have lately been promised in respect of 
oats and barley, lime and basic slag, land 
drainage and the reduction of live-stock 
diseases. In his balance sheet, Dr. Venn, 
no doubt wisely, made no allowance for 
the option afforded to the farmer of being 
assessed for income tax on his rent in- 
stead of on his actual profits, should these 
prove to be the greater. What that spe- 
cial concession is worth, it is impossible 
to estimate, but with any improvement 
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in the financial position of the industry 
its value progressively increases. 

The items in the balance sheet, apart 
from the recent additions which I have 
mentioned, are, as you may remember, 
wheat, beet, meat, milk, land settlement 
and allotments, afforestation, local taxa- 
tion reliefs and administrative and de- 
velopment services. This last is a com- 
prehensive item embracing many and 
varied matters such as live-stock improve- 
ment, land drainage, etc., and including 
the subjects which are of special interest 
to many members of this section, educa- 
tion and research. For the financial year 
1912-13, the state grants for these sub- 
jects amounted to £65,750 in England 
and Wales, and £34,889 in Seotland, a 
total for Great Britain of £100,639, 
whereas in 1936 the corresponding figures 
were £628,570 in England and Wales, and 
£136,769 in Scotland, a total of £765,- 
339. 

These are large and striking increases, 
but it must be remembered that for many 
years our standard of expenditure on 
these services was much lower than that 
in several other countries, so that if we 
were to attain, as we have done, fairly 
adequate recognition of their importance 
within a reasonable time, a steep financial 
ascent was inevitable. In view of the 
interest in the subject, it is tempting to 
ascertain whether this growing outlay has 
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been reflected in an increased yield of 
agricultural products. The question, 
however, is not an easy one to answer, 
since many factors are at work, and it is 
difficult to ascribe an increase to any 
particular one. The output of live-stock 
products, for example, must depend very 
largely on the prices of imported feeding 
stuffs. Possibly the least fallacious mea- 
sure to apply is the average yield per acre 
of our principal crops, though here again 
the problem is not simple. For instance, 
if the total acreage of a crop falls, the 
average yield per acre tends to rise, since 
it is from the least suitable land that the 
crop will be withdrawn; conversely, an 
extended acreage will probably mean a 
somewhat smaller average production. 
It is subject to this and other qualifica- 
tions that the following table should be 
taken as providing any indication of the 
effects of our education and research. 
The figures are for 35 years from 1900 
onward and are given as quinquennial 
averages, so as to smooth out to some 
extent annual fluctuations due to weather 
conditions, ete. 

In Great Britain as a whole, wheat, the 
acreage of which has fallen since the war 
years, shows no significant increase, oats 
are up by four or five bushels and potatoes 
by something like half a ton, but rotation 
hay has made no advance in spite of a 
reduced acreage. The results are not 


Potatoes Rot. Hay 


1,645,774 
29.83 bushels 


1,725,616 
33.28 bushels 
1,852,994 
31.28 bushels 
2,227,592 
30.56 bushels 


1,879,088 
31.94 bushels 


1,546,255 
32.36 bushels 


1,516,509 
32.20 bushels 


3,094,642 
39.24 bushels 


3,061,529 
40.56 bushels 
2,964,502 
38.50 bushels 
3,428,908 
39.18 bushels 
3,107,942 
38.30 bushels 


2,725,711 
43.38 bushels 


2,428,413 
43.56 bushels 








589,399 
5.65 tons 


572,176 
6.20 tons 


585,842 
6.29 tons 


650,973 
6.19 tons 


666,289 
6.18 tons 


646,886 
6.48 tons 


614,942 
6.56 tons 


2,331,575 
29.50 ewt 


2,179,882 
30.23 ewt. 


2,041,321 
28.76 ewt. 


1,989,169 
29.10 ewt. 


2,124,750 


28.92 cwt. 


2,000,654 


28.38 ewt. 


1,884,938 


28.58 cwt. 
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spectacular, but the economie difficulties 
of many farmers, in the later periods, 
must be kept in mind. Any variations 
are, however, in the right direction, and 
striking changes in averages for the whole 
country could hardly be expected. A 
general rise in national production is 
bound to be a slow movement. But there 
are doubtless considerable numbers of the 
more progressive farmers who, by avail- 
ing themselves of the aid offered by the 
scientist, have obtained increases much in 
excess of any shown in the table. It has 
to be remembered, too, that even where 
yields have not increased, costs of pro- 
duction may have been substantially 
reduced. 

There are some other branches of state 
intervention which, notwithstanding their 
importance, it must suffice just to men- 
tion: protection of the farmer by means 
of import tariffs and quotas, designed to 
raise or maintain the prices of his prod- 
ucts; the Agricultural Holdings Acts, 
controlling the relationship of landlords 
and tenants; land settlement legislation, 
which enables new holdings to be estab- 
lished on land which, under certain con- 
ditions, may be compulsorily acquired 
for the purpose. 

In the course of an hour’s address it is 
not possible to do more than take a hasty 
glance at this large subject, with its many 
interesting ramifications, any one of 
which might well have a whole volume to 
itself. But inadequate as the survey has 
been, there are one or two deductions that 
may perhaps be drawn from it. 

Comparison of an agricultural country 
like Denmark with an industrial country 
such as ours must not be carried too far. 
Marketing and other organization, op- 
portunities of alternative employment, 
standards of living, necessarily differ in 
the two countries. But allowing for all 


this, the statistical tables quoted in the 
earlier part of the paper suggest that 
British agriculture at present falls short 
of producing as much home-grown food as 
is possible and desirable for the nutrition 
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of the people and also of affording em- 
ployment on the land to as many persons 
as is reasonably practicable. The need of 
higher nutritive standards for a number 
of our population and the importance, 
in attaining these standards, of larger 
supplies of certain foods, in the produc- 
tion and marketing of which our farmers 
have some natural advantages, are now 
generally recognized. This recognition is 
tending to encourage the development of 
certain branches of our agriculture and 
it is to be hoped that the process will be 
a progressive one. Some authorities seem 
to consider that the sole impetus required 
to accelerate the process is to increase the 
purchasing power of the lower-paid 
groups of the population. That is cer- 
tainly a factor of much importance, but 
there may be need too for education in 
the principles of nutrition, not only 
among these groups, but among some 
others as well. This aspect of the matter 
will no doubt be kept in mind should it 
be thought advisable to devise schemes for 
securing the desired object. 

When speaking of the greater employ- 
ment of the people on the land, one is apt 
to be reminded at once, and quite prop- 
erly, that, thanks to the activities of the 
scientist and the engineer, the output per 
unit of agricultural labor is steadily ris- 
ing. This is a tendency that can be 
neither ignored nor retarded. Increased 
production, therefore, may not necessa- 
rily cause increased employment. But, 
on the other hand, it is probably true that 
it will be long ere, in this country, the 
large-scale mechanized farm, the ideal of 
the economist, is the general and normal 
agricultural unit. And, given reasonable 
prospects of even moderate commercial 
success, there are many for whom rural 
life holds a fascination and independence 
denied to the townsman and the factory 
worker. For agriculture, as has been 
said, notably by Professor W. G. §S. 
Adams, in his paper read to this section 
at Aberdeen, is not only a living, but a 
way of life. To live in that way, they are 
















agr 
the 

rect 
to n 
The 
stan 
littl 
its 
offer 
melc 
pay! 
in fi 
haps 
eign 
matt 
rate 

tune: 
indiv 
help 
whet! 
their 
exten 


eo wWree fF 8S ODO ome ee OF Re PRO cf Se 


STATE INTERVENTION IN AGRICULTURE 447 


willing to risk the financial vicissitudes of 
the farmer or even to undertake the 
arduous labors of the small-holder. 
Cynics may call it sentiment; it is none 
the less a fact. But the question is by no 
means entirely one of settling people in 
new holdings; at present it is indeed 
rather one of making up leeway both in 
land and in the people employed on it. 
Since before the war, two million acres 
have gone out of arable cultivation. The 
reclamation of waste lands in England, 
the repopulating of our Scottish glens are 
perhaps less immediately possible, but is 
it too much to hope that at least a good 
part of these two million acres might be 
recovered? Were it solely a matter of 
farming economics, the shrinkage of our 
cropping area and extension of our grass- 
lands might perhaps be regarded with 
equanimity, especially if the grass were 
of reasonably good quality. But wider 
issues are involved ; the effects on employ- 
ment and food production can not be left 
out of account. 

In the second place, when one com- 
pares the amount of control to which 
agriculture is subjected by the state and 
the amount of benefits, direct and indi- 
rect, which it receives, one can not fail 
to notice some disparity between the two. 
The state is paying the piper fairly sub- 
stantial sums, but while it exercises a 
little restraint over some of his actions, 
its only method of calling the tune is to 
offer special rewards for certain specified 
melodies. Some people may say that the 
payments should be larger, or different 
in form or in distribution; others per- 
haps may think that with so much for- 
eign music available, it does not greatly 
matter what our piper plays. But at any 
rate the fact is that the selection of the 
tunes is ultimately determined only by 
individual choice. And one can hardly 
help asking, somewhat anxiously, 
whether, if the system of payments, in 
their various forms, is to be continued or 
extended, the freedom and independence 


of the piper can be maintained. To drop 
the metaphor, if it be the policy of the 
state to preserve and support the farmer, 
at considerable cost, is he to cultivate and 
crop his land, to produce meat or milk or 
other products, as he thinks best, without 
any dictation as to methods, quantity or 
quality? I would emphasize that the 
question is not whether the farmer should 
be supported and protected, but only 
whether there is a possibility that, sooner 
or later, certain consequences may follow 
from that policy. It is true, as I have 
said earlier, that it is difficult for a gov- 
ernment to pass and to administer an 
unwelcome law; but if government aid 
were made conditional on government 
control, the farmer, however distasteful 
he found it, might be induced to swallow 
the pill for the sake of the gilding. 

It may be argued that the state, in 
return for its expenditure, whether in 
the form of direct payments or of artifi- 
cially raised prices, is entitled to demand 
not only certain goods, but a certain 
standard of performance, a view that 
found expression in Part IV of the Corn 
Production Act, which gave ‘‘Power to 
enforce proper cultivation.’’ In response 
to that argument, it may be claimed that 
if the farmer is to be bound to produce 
commodities of a kind, quality and 
amount determined according to the kind 
and area of his land, he should be insured 
against any loss incurred in the process. 
And that leads to the further question: 
if he is to be insured against loss, is he 
to be left free to make unlimited profits, 
should his efforts prove successful? It is 
easy to follow out this line of thought 
and to see complete control, including 
rents as well as wages, following in due 
course, and, indeed, the ultimate incor- 
poration of every agriculturist in the 
Civil Service! Timeo Danaos et dona 
ferentes! Possibly this is all merely aca- 
demic speculation, but given the premise 
of state support, the subsequent reason- 
ing does not seem to be entirely falla- 
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cious. Whether the conclusion, if it were 
ever reached, would be a desirable one, 
is a matter for individual opinion. 

Thirdly, it may be noted that, while 
some of the state benefits, e.g., rating 
relief, the fruits of education and re- 
search, etc., are bestowed upon all, cer- 
tain others, e.g., the wheat and beet 
subsidies, are, owing to natural condi- 
tions, not universally available. This is 
a thorny subject—although not quite so 
prickly as it was a few months ago— 
about which some of us have heard a good 
deal in the last year or two. The state 
is, of course, entitled to pay for those 
commodities the production of which it 
wishes to maintain or increase, or to come 
to the rescue of those whom it deems most 
needful or deserving of succor. If, for 
instance, a ‘‘nutrition’’ policy required 
an increase of, say, meat or milk or fresh 
vegetables, or if the agriculture of one 
part of the country were, for some reason, 
in special jeopardy, the disbursement of 
funds for such purposes would appear to 
be perfectly legitimate. But if it were a 
permanent policy for the state to support 
British agriculture in general, it might 
perhaps be desirable to survey the whole 
industry, its place in the social and eco- 
nomic structure of the country, its pres- 
ent and potential capacity to meet the 
food requirements of the people and its 
relation to international trade. These 
subjects are no doubt being studied now, 
but it can hardly be claimed that the 
study is complete. Perhaps it never can 
be completed, for many of the factors are 
far from static. But if a comprehensive, 
reliable and possibly continuous survey 
could be made, it might form the basis on 
which state aid might be allocated equi- 
tably, from time to time, to those branches 
of the industry which it was desired, in 
the public interest, to encourage and in 
proportions according to their needs. 
But on this assumption, the shadow of 
state control still lurks darkly in the 
background. 


This leads one, lastly, to consider 
whether in state aid, with its attendant 
shadow, lies the only hope for British 
agriculture. The question is one of para- 
mount importance and of formidable 
difficulty, on which any one should hesi- 
tate to dogmatize. But for some at any 
rate there would be comfort in the belief, 
if they could hold it, that our farmers, 
given a fair share of our home markets, 
could once more struggle through their 
difficulties and maintain their position 
by their own initiative, energy and re- 
source. For many of them, times have 
been hard, but many too are riding out 
the storm with courage and success. Ob- 
servation, supported by careful economic 
investigation, shows that the personal 
factor is still one of enormous impor- 
tance. Within one parish, even on 
neighboring farms, great disparity in 
farming practice and results may be 
found. The man of enterprise and 
adaptability, the man who is eager to 
acquire new information, to test new 
methods in the light of his practical ex- 
perience and to apply his mind to the 
business management of his undertaking, 
he is the man who is least clamant for 
state subvention to help him in balancing 
his accounts. Education and research, 
both scientific and economic, have yet 
many gifts in store, gifts the acceptance 
of which carries no penalties. If they 
be accepted willingly and applied dili- 
gently, is it not possible that the general 
standard of our farming might be raised 
to a level at which it would be beyond 
the reach of any, save the very heaviest, 
waves of depression? If not, there seems 
to be at least a risk that our farming, no 
longer the free industry that we know 
and respect, may become a mere hanger- 
on of the state, dependent on its bounty 
and subject to its commands. Economic 
independence is worth a struggle, for 
with it may go a higher kind of freedom 
that is worth the hardest fight of which 
man is capable. 
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TALAMANCA 


By RALPH E. DANFORTH 
WEST BOYLSTON, MASS. 


‘‘TxHe Cordillera of Talamanca, the 
most extensive mountain chain and the 
one containing the loftiest peaks. This 
area is difficult of access and has hardly 
been touched by the botanist, although 
it is likely to prove the most remunerative 
part of the Republic.’’ So wrote an emi- 
nent scientist and traveler, Dr. Paul C. 
Standley, in the annual report of the 
Smithsonian Institution of 1924. 

Talamanca became a charmed word to 
me and the difficult and little-known 
southeastern half of Costa Rica, contain- 
ing the highest mountains in Central 
America, became a mecca for a future 
pilgrimage. It contains a vast virgin 
forest, as wild as that encountered by 
the first white settlers in America. Its 
trees average about one hundred and 
twenty feet in height, many of them one 


hundred and fifty and two hundred feet, 
with clear stems and the lower limbs 


eighty or ninety feet up. Mountain tor- 
rents dash down its steeps, overarched by 
the straining limbs, yet often too wide 
for these to conceal. From the air above, 
these broader rivers are seen to lace the 
vast, rugged expanse of green with lines 
of frosted silver and add to the strange 
bird songs the roar of cataracts and the 
song of the incessant battle between tor- 
rents and bowlders and ledges. But why 
leave the comforts of a New England 
home to do a bit of research in a region 
destitute of the basic comforts of civili- 
zation? Partly perhaps the blood of 
pioneer ancestors, partly the jungle pic- 
tures in the geography book of school- 
days, the fascinating monkeys swinging 
on lianas, the pictures of tropical birds 
on strange trees of the jungle. All 
through life the wilderness trees and 


their inhabitants have lured me in many 
lands. Talamanca’s turn came. I reached 
the civilized belt which stretches across 
the middle of Costa Rica, with its com- 
fortable cities dotting the railroad and 
excellent highways. I read of its cow- 
boy and cattle country to the northwest, 
but of the southeast the majority of 
Costa Ricans themselves know little. The 
few frontiersmen who live in the little 
clearings in the forest seldom come to 
town and when there are quiet and un 
obtrusive. The townsfolk told me they 
knew little of the Talamanca Mountains 
or what one might expect who penetrated 
them. They had heard of poisonous 
snakes, ‘‘ledn’’ and ‘‘tigre,’’ as they call 
their cougar and jaguar. They knew 
there were some Indians, though fewer 
than before. One could not enter by 
wheeled vehicles. One might go on foot 
or mountain pony, carrying blankets and 
food, or now he can fly by small local 
planes to a few of the larger clearings 
which depend upon these planes for al! 
transportation which can not take many 
days of rough travel over narrow, moun- 
tain trails. 

Flying thus southeasterly, from ten 
degrees north of the equator at San José 
to nine and a fraction degrees at San 
Isidro del General, I reached the 
of Chirrip6é Grande, the highest group 
of peaks in the Talamancas. The highest 
peak is 12,586 feet above sea-level. Look- 
ing down from above on range after 
range of mountains clad in unbroken 
forest, one is amazed at the vigor and 
vitality of the trees. Each looks so per- 
fectly healthy, although never dusted or 
sprayed for insect pests. Shades of 
green differ with the species. Here a 
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palm or two appear among the broad- 
leaved trees, or a few tree-ferns vary the 
foliage. What new species might abound 
or what rare finds were awaiting among 
those millions of energetic trees? The 
biological balance in the jungle is so per- 
fect that despite fierce competition be- 
tween living organisms the myriads of 
forms which fill it seem vigorous, su- 
perbly healthy and, to me, they appear 
peacefully happy. Large flocks of par- 
rots flew together in a wheeling, exuber- 
ant flight, noisy and unmistakably joy- 
ous. Unless one mistook their every act 
and sound they were glad, sporting to- 
gether in the air as they flew from one 
food tree to another. Whatever perils 
the jungle had for them, these did not 
dampen their spirits, and having seen 
the joy of living which these free and 
far-flying birds show almost constantly, 
I felt I could henceforth view captive 
parrots only with pity, as they live lives 
so diametrically opposite their life in the 
wild. Strangely colored toucans with 
huge bills sang creaking songs which car- 
ried far across country and might mis- 
lead one into thinking that ox-earts with 
ungreased axles abounded in the wilder- 
ness, when in truth the few carts had to 
be assembled or made in the clearing. 
Birds large and small, plain and gay, 
abound, more, it seemed to me, than 
in the West Indies. Lizards were 
fewer, and mosquitoes almost non-exis- 
tent. Fleas bothered only in the village 
and might easily be avoided in a camp 
in the edge of the forest if dogs and 
people infested with them were barred. 
In the forest the air was of the sweetest. 
No pests bothered, unless one stirred up 
a colony of stinging ants inhabiting some 
hollow stem, though these were easily 
removed. Snakes and beasts there were, 
but these were as loath to meet man as 
any one might wish. 

Dr. Alexander F. Skutch, a young 
American scientist, is spending many 
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months in the region studying habits of 
living birds while he collects and pre- 
serves plant specimens for museums to 
make his living. He lives in a camp by 
himself, hiring two boys to assist in house 
and field. He lived ‘‘three hours on 
foot’’ from where I stopped, but he was 
many miles above his camp when I 
sought and found him. On the moun- 
tain-side I visited with him two hours as 
he worked. Rain is frequent and the 
plant-press must be protected as one 
works. In my own collecting the numer- 
ous rivers afforded chances to pick flower- 
ing specimens from trees which ordinarily 
hold these treasures ninety feet or so in 
air. The smaller trees are more easily 
collected. Skutch was collecting seven 
series of everything from ferns up. He 
surely earns his living, but what a rare 
environment to live and work in! 

My own time in the actual forest was 
limited to three weeks. Every moment 
must count, so I camped on the edge of 
the clearing, where I suffered from fleas 
nightly, and bought food ready-cooked 
and saturated with grease, sooner than 
take time to establish myself in the 
actual woods and cook the food myself 
to my own taste. But I resolved here- 
after to take time to do it the right way. 
Fortunately I endured the fleas and the 
grease with no permanent detriment to 
health, and so had every hour of daylight 
for study of the forest. It was August, 
1936, therefore in the rainy season, and 
only a fraction of the species were in 
bloom. As I was out primarily for speci- 
mens of trees actually in flower my scope 
was limited. The forty odd species I did 
find in bloom were of great interest. 
They represented many genera and fami- 
lies and ineluded two species new to 
science. Cordia chirripensis Standl. and 
Rollinia Danforthii Standl., also one 
South American species, Wikstroemia 
fruticosa Schrad., which had not pre- 
viously been found in Central America, 
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and one rarity, Stryphnodendron excel- 
sum Harms., which had not been found 
since the type collection in June, 1903. 

Everything in that vast virgin forest 
excited curiosity; the species not in 
bloom seemed almost endless; birds 
abounded both in number of individuals 
and number of species. Pests and dis- 
eases of the trees seemed under excellent 
natural control. Indian graves, betoken- 
ing a more numerous population in the 
past, were being searched for gold and 
other valuables. 

Rushing mountain rivers abounded 
everywhere, and it was along their 
courses that I was most successful in 
reaching flowering branches which ordi- 
narily would be high above reach. This 
entailed much wading and swimming 
and climbing over slippery rocks. The 
water from higher up the mountains was 
always cold. Rain also drenched me 
nearly every afternoon. Life was strenu- 
ous but thrilling. 

The present state of civilization in that 
unique and youthful pioneer clearing 
known as San Isidro del General is 
worthy of a few comments. There was 
one Romanist church with a young Ger- 
man padre. There was no inn or lodg- 
ing room in the village. Two huts offered 
hot meals, such as they were, for sale. 
What few dwellings there were were 
grouped around a flat open field called 
hopefully the Plaza. One hut housed 
the post office and government radio sta- 
tion. The settlement was served by three 
competing local airplane companies. Pan 
American planes flew high overhead, 
traversing the length of Central America 
and Mexico, but of course made no stop 
at small places. There were several 
small stores, most of them run by China- 
men. All mail and practically all goods 
to or from San José were carried by air- 
plane. When it came time for me to 
leave the forest I wanted to mail a num- 
ber of heavy packages to West Boylston, 
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Massachusetts, and took them to the San 
Isidro del General post office without 
really high hopes of success. But the 
postmaster said I could mail them to the 
States, but he had no tariff but would 
radio at once for rates. These came back 
from San José without delay, and he soon 
showed me them neatly typewritten. But 
alas, he had no scales for packages, so 
we took them to the agent of one of the 
aviation companies and he weighed them, 
for cheerful cooperation in a pioneer 
clearing is essential. The post 
office kept no postage stamps, but took 
the cash, and by some system the proper 
stamps were put on in San José, always 
on the bottom of the package or back of 
the envelope. The business of the clear- 
ing was far larger than the few houses 
would warrant, for it was the center for 
isolated individual 
miles around. 
There was much excitement 
prospect of the Pan American highway 
passing through. They 


local 


clearings for many 


over the 


knew it would 


develop the region, yet feared the con- 


sequences in case of war. 

Weddings occurred at 6 a.m. in the 
church, the ceremony being followed by 
a wedding breakfast in a neighboring 
house. I was invited to one such break- 
fast, which 
home-made cake and coffee. 
meals consist of home-grown rice, 


eonsisted of sandwiches, 
The usual 
black 
or red beans, which are also 
grown in the mountains; tortillas made 
from corn meal, a few fruits and a few 
other vegetables and a little bread are 
used. Agua dulce is often substituted 
for coffee. This is crude sugar in hot 
water. The lumber is hand-sawn and 
used while still green. House wrens 
much like ours at home nest in the 
thatched roofs. The many birds of the 
forest always added to the pleasure of 
tree study. 

If the big highway does go through the 


potatoes, 
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region, it will hasten the ruin of that 
magnificent forest. Even now it is a 
shame to see it cut and burned to rid the 
ground of it, ground much of which 
should never be cleared. The whole 
Talamanca range of mountains would 
make a magnificent national park, which, 
when better known, would draw people 
from all around the world. Its flora and 
fauna are unique in many respects, and 
mingled with its many endemic species 
are also forms from South America, 
from Mexico, and in winter from much 
further north. But if the entire range 
would be too much to ask for, at least that 
Chirrip6 Grande massif, which towers 
above all the rest of the range, should 
become at once a permanent virgin and 
wild-life refuge with complete protection 
from fire and axe. 

Scientifically managed forests for tim- 
ber production should be provided over 
increasing areas. Wild forests, in which 
nature is left entirely free to conserve or 
to reconstruct primeval or virgin forest 
conditions, will always be needed in gen- 
erous amounts for study purposes and 
for instruction and edification of the 
people. Such wild forests should exist 





in every distinctively typical forest re- 
gion, and should contain as many native 
species and as many endemic species of 
tree and shrub as possible. The educa- 
tional value of such wild forest consists 
not only in the opportunity to study the 
various species at all seasons in their 
natural habitat, but also in showing how 
nature deals with the infinite number of 
biological problems arising in various 
ecological and different climatic environ- 
ments. There is also the esthetic value 
of such wild areas, appealing to an ever 
increasing number of people in all parts 
of the world, and there is the artistic side 
to be treasured. 

Virgin forests could and should be per- 
manently conserved in all far-away re- 
gions. They might with benefit be recon- 
structed, in limited amount, close to our 
large cities and in all more densely popu- 
lated areas. They have their peculiar 
values, as have also our more familiar 
city and state parks. It would do the 
public good to visit areas where they 
know there can be absolutely no tamper- 
ing with nature, no destruction, no ‘‘im- 
proving’’ and no exploitation, only a few 
narrow trails to admit observers. 
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FROM FANCIES TO FACTS IN DIAGNOSTIC 
MEDICINE 


By Dr. J. HEYWARD GIBBES 
COLUMBIA, 8S. C. 


ARCHEOLOGY, anthropology and the 
study of primitive peoples show conclu- 
sively that medicine, meaning thereby 
the healing art in some form or other, 
is as old as man—that the dawn of his 
consciousness brought with it a striving 
to recover from disease, to heal himself 
when injured and to diminish the pangs 
of pain. Surgical instruments have been 
found by the archeologist, in their par- 
ticular human settings, from the Stone 
Ages through the Bronze and Iron Ages, 
and anthropologists have discovered hu- 
man bones in these respective ages which 
show that primitive man knew how to 
reduce and fix fractures so as to prevent 
shortening and to permit of union. 
Primitive peoples of to-day, some of 
whom are living under conditions of 
Stone Age Man, such as the Dayaks of 
Borneo, some of the Malay tribes, and 
others, together with what we know of 
the medical customs of the American 
Indian, have allowed us to see in actual 
operation the thought and practice of 
early man in his efforts to get relief 
when sick. B. M. Randolph has said that 
there is ‘‘a deep-lying instinct in human 
nature that relief from suffering is an 
obtainable goal,’’ and the history of 
man’s striving to satisfy this instinct is 
the history of medicine. 

The sensation of pain, the capacity to 
suffer and the desire for relief naturally 
made themselves felt in man before his 
mental processes, based on experience and 
observation, had become sufficiently or- 
ganized to permit of an understanding 
by him of the causes that produced his 
misfortunes. In the beginning he prob- 
ably suffered and vaguely hoped for 


some surcease. Aches and pains, chills 
and fever, stiffness of joints, shortness 
of breath, the pangs of angina, the fits 
of epilepsy, the gnawing of ulcers, the 
depressions and excitements of mental 
aberrations and innumerable other ago- 
nies seized him or crept upon him with- 
out his knowing how or why. But as he 
suffered he thought, groping for expla- 
nations of the evils that beset him, seek- 
ing for intelligent direction in deliver- 
ance from them, and instinctively know- 
ing that he must find the causes of his 
troubles if he were to cure them or avoid 
them in the future. Out of this thinking 
came his theories of disease, working 
hypotheses of cause and effect, that would 
serve as a foundation on which to build 
measures for restoration of health in 
mind and body. 

Specialized thinking on such subjects 
was assumed at an early date by the 
recognized mental leaders of the tribe, 
the priests, the chiefs or others who, 
through special qualifications, were set 
apart from the rank and file. And thus 
we have the groundwork for the study 
of medicine, the observation of disease, 
the ceaseless theorizing about it, and the 
endless effort to explain it, understand 
it and relieve it. 

What we have come to call theory and 
practice have gone hand in hand, and 
when the one has been empirical and un- 
intelligent, the other has taken on like 
qualities. Theory, in medicine, has come 
to mean knowledge: where it is short of 
this, practice must remain uncertain and 
insecure. It is my purpose to rapidly 
trace the steps by which medicine, in its 
diagnostic aspects, has progressed from 
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primitive conceptions to its present stage 
of relative mechanical accuracy. 

Early man was surrounded with mys- 
tery. He explained himself and the 
world about him in terms of mystery. 
He found his destiny moulded by gods 
and devils, demons and spirits. His dis- 
eases came from devils and demons—his 
cures came from driving out the malig- 
nant influences that pervaded him. To 
meet such problems, his medicine men 
dressed in weird costumes, dealt in 
charms and incantations, danced mystic 
dances and performed esoteric rites for 
his relief. 

A tangible evidence of the demonology 
of primitive medicine is found in neo- 
lithic skulls, recovered from many parts 
of the world, that show numerous tre- 
phine openings, small disks of bone hav- 
ing been removed so that the demons 
causing the disease might escape. This 
interpretation is warranted by observa- 
tions of similar practices by barbarous 
peoples of our time. 

Our knowledge of Egyptian medicine 
comes largely from six or seven papyri 
dealing specifically with this subject. The 
Ebers papyrus, dating from about 1500 
B.C., indicates a persistence of demon- 
ology as a cause of disease, with incan- 
tations as measures of relief, but gives a 
remarkable list of pharmaceuticals, oint- 
ments, inhalations, enemeta, poultices, 
drugs, such as opium, castor oil and 
squills, and shows that more or less 
skilled operations on the eye were under- 
taken. While we are struck with some 
of the empirical successes of this period, 
we realize that mystery and magic re- 
mained the foundation of the thought of 
Egyptian medicine, and that they were 
groping without understanding. 

Astrology and divination were the 
bases of the theory and practice of medi- 
cine in Babylonia and Assyria. The 
reading of horoscopes in the heavens and 
the divination of destinies as disclosed 
by inspection of the organs of animals, 

























especially the liver, indicated the mystic 
formula that was to be used in exorcising 
the demon from the afflicted person. 
Hepatoscopy, the reading of the liver, 
was developed into a complicated rite, 
elaborate charts of the liver were pre- 
pared, and an accurate reading of the 
signs disclosed by the organ were confi- 
dently expected to give useful informa- 
tion as to the cause and cure of disease. 

It remained for the Greeks to banish 
demons from the realm of medicine, not 
by making holes in the skull, but by en- 
lightening the mind from within by in- 
quisitive thinking and by ‘‘lifting the 
veil of nature,’’ as Dr. Osler has ex- 
pressed it, so that we might observe and 
study her features. Among the factors 
that led to the development of the vigor 
of the Greek intellect, Gomperz says, 
**there was the religion of Hellas, which 
afforded complete satisfaction to the re- 
quirements of sentiment, and yet left the 
intelligence free to perform its destruc- 
tive work.’’ The Greek intelligence 
quickly destroyed the demons of disease. 
Under the Greek influence, medicine, 
along with the study of nature in gen- 
eral, gradually became emancipated from 
the shackles which had bound it to the 
religious thought and customs of all pre- 
ceding peoples. 

Abstract thinking and speculative in- 
quiry, guided by the principles of logic, 
were the chief weapons employed by the 
Greeks in their study of nature and in 
their development of science, and, until 
observation and inductive methods were 
developed, they elaborated theories of 
hamors and numbers in their relation to 
disease that appear to us weird and fanci- 
ful. Some of them, however, spurred by 
a restless curiosity, resorted to dissection, 
made accurate and enduring observa- 
tions, and laid the foundation of a knowl- 
edge of anatomy, from which root spring 
all the branches of medical science. 
Notable among these were Alcmaeon, a 
member of the Crotonian school, who 
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first recognized the brain as the organ 
of mind, Democritus, who developed an 
atomic theory, and Diogenes. Hippoc- 
rates codified, as it were, the medical 
concepts of the period, showed the value 
of painstaking clinical observations, and 
voiced many sapient aphorisms that we 
like to repeat to this day. He it was 
that said, ‘‘experience is fallacious and 
judgement difficult,’’ and ‘‘the remedy 
amuses the patient while Nature cures 
the disease.’’ The greatest observer and 
systematizer of them all was Aristotle, 
who came close, indeed, to an unravelling 
of many of nature’s secrets. As regards 
medicine he says: 

But health and disease also claim the atten- 
tion of the scientist, and not merely of the physi- 
cian, in so far as an account of their causes is 
concerned. The extent to which these two differ 
and investigate diverse provinces must not es- 
cape us, since facts show that their inquiries are, 
at least to a certain extent conterminus. For 
physicians of culture and refinement make some 
mention of natural science, and claim to derive 
their principles from it, while the most accom- 
plished investigators into nature generally push 
their studies so far as to conclude with an ac- 
count of medical principles. 

The philosophical vigor of the Greeks 
must forever remain a source of unend- 
ing charm and inspiration to any one 
whose soul has beauty in it and whose 
mind is spurred by curiosity, even though 
they have served to show us that abstract 
thought and simple observation will not 
wring nature’s answers from her—that 
questions must be asked through orderly 
and controlled experiments, a method 
that must be added to theirs from the 
full fruition of an inquiring intelligence. 

It is not until we reach the Renaissance 
that we find the newly awakened intelli- 
gence of man, rediscovering the wisdom 
of the Greeks and adding a new modus 
operandi to his way of thinking, effec- 
tively investigating natural phenomena, 
acquiring information hitherto unknown 
and slowly laying by in enduring form 
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a mass of knowledge to be built on and 
added to as his experience grew and his 
methods of investigation improved. As 
Aristotle suggested, the growth of nat- 
ural science caused medicine to grow 
with it, and medicine rapidly developed 
a science of its own. 

It is axiomatic that anatomy is the 
foundation of intelligent medicine. The 
structure of the body as a whole, and 
of its parts and organs separately, must 
be known in detail before the diseases 
and disorders to which they are subject 
can be comprehended. As we look back 
over the vista of human knowledge, we 
see Outstanding in the realm of anatomy 
the colossal figure of one man, Andreas 
Vesalius (1514-1564), who, through gen- 
ius, industry and daring, exposed the 
fallacies of the past and established 
truths for the future. Anatomical knowl- 
edge of a sort had preceded him, spo- 
radic observations here and there con- 
cerning the structure of the human body, 
mixed with information gained from dis- 
section of the lower animals, and the 
whole joined together in a maze of theo- 
ries, doctrines and generalizations that 
were fixed and unchanging under the 
dominance of authoritarianism. Galen 
had written the medical bible, his word 
was the law, and to question it was to 
be guilty of medical heresy. As Vesalius 
dissected his human subjects, he read his 
Galen, and he was amazed to find the 
discrepancies between the texts and the 
facts. It grips the imagination to pic- 
ture the conflict that arose within him, 
the growing feeling that truth and au- 
thority were at odds. And, then, the 
light—the realization that Galen had not 
dissected the body of man, but had de- 
scribed the anatomy of lower animals. 
This brought comfort to the mind of 
Vesalius, and stimulated him to his task, 
though it did not lighten his difficulties 
in persuading others that Galen had been 
wrong. In 1543, at the age of twenty- 











456 THE SCIENTIFIC MONTHLY 


eight, Vesalius published his book, ‘‘De 
humani fabrica,’’ containing 663 pages 
in folio and over 300 illustrations, the 
first complete text-book of human anat- 
omy. From this substantial beginning 
the knowledge of gross anatomy has been 
completed to infinite detail. 

In the same year that Vesalius died, 
1564, Galileo was born, destined to dis- 
eover the compound microscope, through 
which agency gross anatomy was to be 
supplemented and rendered complete by 
microscopic anatomy of organs and tis- 
sues. Antony van Leeuwenhoeck (1632— 
1723) was a pioneer in this field. Grind- 
ing his own lenses and making his own 
microscopes, he visualized bacteria, ob- 
served the cross striation in muscle fibers 
and described the bone corpuscles. But 
Marcello Malpighi (1628-1694) was the 
first to systematically study microscopic 
anatomy. He was to this branch of 
knowledge what Vesalius had been to 
gross anatomy. The two of them pointed 
the way that has led to a rounded know!l- 
edge of the detailed structure of the 
human body. 

To pragmatic medicine a knowledge of 
function is of equal importance with that 
of structure. On these two pillars, anat- 
omy and physiology, rests the intelligent 
foundation of medicine as we know it 
to-day. William Harvey (1578-1657) is 
commonly looked upon as the father of 
physiology. The ingenious experiments 
which he employed in demonstrating the 
circulation of the blood may be said to 
have established a methodology which 
was sound in principle and which showed 
the way for studies of bodily function. 
However, it was Albrecht von Haller 
(1708-1777), the versatile Swiss genius, 
poet, anatomist, botanist, biologist and 
physician, who first made physiological 
investigations on a broad and systematic 
basis, published the first text-book on the 
subject, awakened the curiosity of other 
students and stimulated others to investi- 
gations in this field. From this be- 


ginning, physiology has kept pace with 
anatomy in that intensive, critical and 
analytical studies have been applied to 
the body as a whole, to its parts sepa- 
rately and collectively and to its minutest 
components in an effort to find out their 
manner of working. Much real informa- 
tion has been gained, absorbing and 
astounding facts, which has permitted 
medicine to advance in much of its en- 
deavor from speculation to certainty. 
But the story is far from completely told. 
The complications that are furnished by 
chemistry, physics and mechanics, asso- 
ciated with the intangible thing that we 
eall life, leaves us with problems of in- 
finite variety and ever widening com- 
plexity. It is probable that in this field 
medical science has more ground to till 
than in any of the others that it has thus 
far cultivated. 

The knowledge of normal structure 
and of normal function are stepping 
stones in the evolution of modern medi- 
cine to an understanding of modifica- 
tions of structure and function that 
are produced by disease processes. As 
far back as the fourth century B.c., 
Erasistratus had observed and described 
changes in organs that were found after 
death, for example, hardening of the 
liver in association with dropsy, and iso- 
lated observations of a similar nature are 
recorded by others of the ancients. In 
the latter part of the fifteenth century, 
Antonio Benivieni left a record of 111 
observations of clinical cases with an 
effort to correlate the clinical and post- 
mortem findings in many of them. By 
the seventeenth century the practice of 
making post-mortem examinations had 
been greatly extended. But out of it 
came no systematic effort to relate the 
changes caused by disease to the signs 
and symptoms of the disease that were 
observed prior to death. Giovanni Bat- 
tista Morgagni (1682-1771) came to a 
full realization that disease results in 
physical changes in the organs and tis- 











sues of the body, that these changes re- 
sult in perversions of function and that 
they together result in the pictures that 
are seen in clinical medicine. Dr. Osler, 
in his ‘‘ Evolution of Modern Medicine,”’ 
cites a classical passage from Morgagni’s 
writings : 

A lady, forty-two years of age, who for a long 
time had been a valetudinarian, and within the 
same period, on using pretty quick exercise of 
body, she was subject to attacks of violent 
anguish in the upper part of the chest on the 
left side, accompanied with difficulty of breath- 
ing, and numbness of the left arm; but these 
paroxysms soon subsided when she ceased from 
exertion. In these circumstances, but with 
cheerfulness of mind, she undertook a journey 
from Venice, purposing to travel along the con- 
tinent, when she was seized with a paroxysm, 
and died on the spot. I examined the body on 
the following day. . . . The aorta was consider- 
ably dilated at its curvature; and, in places, 
through its whole tract, the inner surface was 
unequal and ossified. These appearances were 


propagated into the arteria innominata. The 
aortic valves were indurated. 
Commenting on these pathological 


changes, Morgagni says, ‘‘The delay of 
the blood in the aorta, in the heart, in 
the pulmonary vessels, and in the vena 
cava, would occasion the symptoms of 
which the woman complained during 
life; namely, the violent uneasiness, the 


difficulty of breathing, and the numbness © 


of the arm.’’ Here we have a clinical 
description of angina pectoris, a study of 
the physical changes in the organs that 
accompany the disease and a retrospec- 
tive explanation of the symptoms that 
were caused by these changes. 

Morgagni furnished the impetus for 
the study of pathology, the science of 
morbid structure resulting from disease. 
It was a far cry from demons to tissue 
changes, but Morgagni was pushing aside 
philosophical concepts of disease and 
forging the tools by which speculation 
and theory were to be supplanted by 
hard facts and physical changes. The 
era of modern medicine may be said to 
have been born with Morgagni. From 
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this beginning we have now progressed to 
a more or less detailed knowledge of the 
physical changes that are produced in 
the organs and tissue of the body by 
practically all the diseases from which 
man suffers. 

Rudolph Virchow (1821-1902) 
ized early in his career that pathological 
anatomy was not expressive of a full 
understanding of disease processes and 
that it failed to offer an altogether use- 
ful basis for the most intelligent treat- 
ment of sick people. He saw the need 
for determining the alterations in func- 
tion of organs and that 
brought about by the physical changes 
that disease produced in them. In the 
introductory number of the ‘‘ Archiv fiir 
pathologische Anatomie und Physiologie 
und fiir klinische Medizin,’’ he said : 


real- 


tissue was 


The standpoint 
which is clearly manifested in this first issue, is 
simply that of natural science. Practical medi- 
cine as applied theoretical medicine, and theoret- 
ical medicine as an embodiment of pathological 
physiology, are the ideals toward which we shall 
strive so far as lies within the scope of our pow- 
ers. Pathological anatomy and clinical work, 
although we fully recognize their justification 
and independence, are both mainly regarded as 
the sources of new problems whose answers must 
be supplied by pathological physiology. 
however, these problems must for the most part 
be formulated by means of a laborious and com- 
prehensive study of detailed phenomena in the 
sick and upon the post-mortem table, we main- 
tain that a precise and purposive development of 
anatomical and clinical experiences is the first 
and most important requisite of the day. 
Through an empiricism of this sort there will 
gradually be brought into being a 
theory of medicine, a pathological physiology. 


we propose to adopt, and 


Since, 


genuine 


Virchow’s ideal has approached real- 
ity. Physiological principles and tech- 
niques have been applied to the clinic, 
specific means of investigating the func- 
tion of different organs have been de- 
vised, and these measures now afford 
some of the most exact and valuable diag- 
nostic criteria that clinical medicine has 
at its disposal. 
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Speculation as to the cause of disease, 
as is true of abstract thinking in general, 
gave little in the way of tangible and 
worth-while results. Until the middle 
of the last century we knew little more 
of the causes of infectious diseases than 
did the Greeks or the Egyptians before 
them. In 1857 Louis Pasteur published 
his paper on ‘‘Lactic Acid Fermenta- 
tion,’’ and, shortly thereafter, a paper 
on ‘‘Aleoholic Fermentation’’ in which 
he concluded that such fermentation is 
‘‘eorrelative to a phenomenon of life.’’ 
The turn of Fortune’s wheel directed the 
genius of this man from the field of chem- 
istry to that of microscopic biology, and 
his work laid the foundation on which 
has been built our knowledge of the liv- 
ing causes of infectious diseases. From 
a study of the diseases of wine, he turned 
to the study of diseases of the silkworm, 
from that to the diseases of animals, and 
finally to an investigation of rabies in 
man. He demonstrated the presence of 
viable agents in all these studies, and 
pointed out methods for controlling 
them. In addition, he arrived at an un- 
derstanding of the mechanism of defense 
in the host which permitted of recovery 
from infection. On the work of Pasteur 
has been built the two great related sci- 
ences of bacteriology and immunity, the 
science of the cause of infectious diseases 
and the science of tissue reactions that 
arise in response to such infections. 

The unremitting search for bacteria 
and other living parasites, as the cause 
of acute diseases in man, that owes its 
impetus to Pasteur’s work and thought, 
has resulted in the demonstration of 
something more than twenty specific bac- 
teria that produce characteristic disease 
pictures, has led to an understanding of 
other infectious diseases for which the 
specific bacteria have not been identified, 
and has been indirectly responsible for 
the discovery of filterable viruses, fungi, 
protozoan and metazoan parasites as the 
cause of human disease. 


I feel safe in saying that Pasteur’s in- 
fluence on medicine, as we know it to-day, 
has been even broader than stated above. 
The emphasis that was laid by him on the 
eause of disease led to the thinking in 
terms of causes for all diseases, and with 
him dawned the era of etiological or 
causative medicine. From the prag- 
matie standpoint, the control or cure of 
a disease can be attained only when its 
cause, at least in a general sense, is 
known. To-day, as physicians, we think 
in terms of causes, our medical nosology 
is built around them, and the success or 
failure of our efforts is in large part de- 
pendent upon the accuracy or inaccuracy 
of our conception of causes. Aside from 
diseases that are due to living organisms, 
we recognize physical causes of disease, 
chemical causes that are clear and defi- 
nite, deficiencies in diet that produce 
specific changes, diseases of metabolism 
that are traceable to assignable causes 
within the body, and tissue changes that 
arise from excessive demands on certain 
parts of the body or that come as ‘‘slow 
gradations of decay’’ as age passes into 
senility. 

In the clinic, we have learned to iden- 
tify these living causes of disease. Bac- 
teria are grown in cultures from the 
body’s fluids or tissues or are visualized 
in smears by staining methods, and their 
by-products are demonstrated by biolog- 
ical reactions. The different forms of 
parasites are directly seen or their pres- 
ence determined by the finding of their 
eggs. Here we have diagnostic pro- 
cedures of the most direct and positive 
nature. 

The study of the individual sick of dis- 
ease is, of course, the immediate concern 
of diagnostic medicine. The proolem 
here is divided into two broad categories, 
the discovery of the disease from which 
the patient is suffering and a determina- 
tion of the manner in which the body of 
the patient has been altered in structure 
and function by the disease. It is neces- 
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sary that we know disease, and it is neces- 
sary that we have at our disposal means 
for exploring the body. The evolution 
of methods, looking to these ends, is a 
fascinating story of ingenuity and ac- 
complishment. 

Thomas Sydenham (1624-1689), spo- 
ken of as the English Hippocrates, 
stated that ‘‘all disease could be de- 
seribed as natural history.’’ With this 
in mind, he set out to make such descrip- 
tions, observing and recording cases from 
the appearance of the first symptoms to 
the disappearance of the last. Sigerist 
has said of Sydenham : 

Like Hippocrates his general outlook upon 
illness was that it was a natural healing process. 
Nevertheless there lay a whole world between 
the two. The decisive difference between them 
becomes plain in respect of their divergent out- 
look upon illness as soon as they quit the gen- 
eral. Hippocrates recognized only disease, not 
diseases. He knew only sick individuals, only 
cases of illness. The patient and his malady 
were for him inseparably connected as a unique 
happening, one which would never recur. But 
what Sydenham saw above all in the patient, 
what he wrenched forth to contemplate, was the 
typical, the pathological process which he had 
observed in others before and expected to see 
in others again. In every patient there ap- 
peared a specific kind of illness. For him mala- 
dies were entities, and his outlook upon illness 
was, therefore, ontological. Hippocrates wrote 
the histories of sick persons, but Sydenham 
wrote the history of diseases. 

From this we have come to the modern 
clinical record, a careful compilation of 
racial, familial, occupational, climatic 
and other influences leading to disease, 
a description of the symptoms that ac- 
company the disease, a detailed observa- 
tion of the course of events that go with 
the disease, and facts concerning its dura- 
tion and mode of termination. This 
clinical record, brought more and more 
to completeness as time and experience 
have permitted, has written the natural 
history of disease so that generalization 
has been possible, and many diseases are 
now recognized by the course of events 
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that are produced by them. And the 
clinical record of a current case is now 
an important diagnostic adjunct, permit- 
ting the disease, as it were, to gradually 
identify itself by the trail that it leaves 
on the printed page. 

When it comes to the study of the sick 
person, the physician can gain much in- 
formation by the unaided use of his five 
senses, taste, touch, vision, hearing and 
smelling, but an enlargement of the field 
of these senses has been brought about by 
ingenious aids that magnify and pene- 
trate so that things can be seen, heard 
and measured which were formerly inac- 
cessible to such investigation. The de- 
velopments in this line, the mechanical, 
physical, biological and chemical aids 
that clinical medicine has brought into 
use, have given real meaning to the term 
diagnosis, literally, to distinguish, to dis- 
cern or to know apart. Let us look at 
some of these aids. 

The study of the pulse in disease has 
gone on since early times. Herophilus, 
who gained fame as a physician, philoso- 
pher and teacher at Alexandria in about 
300 B.c., held that the pulse was to be 
considered on the basis of rhythm, as in 
music, and carried his thesis to such 
lengths that only those trained in music 
could interpret the pulse as expounded 
by him. Galen (131-201) wrote seven- 
teen chapters on the pulse, and no one 
was much the wiser for it. It is said 
that Galileo used his pulse to time the 
swinging of a pendulum and that Kepler 
timed his astronomical observations by 
the same means. Galileo’s friend, Sanc- 
torius, reversed the process, and used a 
pendulum to time his pulse. He devised 
an instrument, which he called the pulsi- 
logium, consisting simply of a weight at 
the end of a thread which swung with 
increasing or decreasing frequency as the 
cord was shortened or lengthened, and by 
this means he was able to measure and 
record the rate of the pulse in terms of 
cord length. In the latter part of the 























































460 THE SCIENTIFIC MONTHLY 


seventeenth century, Sir John Floyer, of 
Staffordshire, made a so-called physi- 
cian’s watch, which ran for just one 
minute, none of the watches of that date 
having second hands on them. In 1855 
Karl Vierordt introduced the graphic 
method of investigating the pulse, and 
this was shortly followed by Marey’s 
sphygmograph. This has evolved into 
the so-called polygraph, an instrument 
which records simultaneously the pulse 
at the apex of the heart, in one of the 
larger peripheral arteries and in the 
great veins of the neck. From such 
tracings valuable diagnostic information 
ean be gained. 

Sanctorius, likewise, developed the first 
clinical thermometer, if the crude glass 
tube used by him to measure the amount 
of warm air that the patient expired can 
be recognized as such. George Martine 
(1702-41), of Scotland, revived Sanc- 
torius’ ideas, and James Currie made 
practical use of the thermometer in the 
treatment of fevers with cold water. 
Carl August Wunderlich (1815—1877), 
of Leipzig, was the first to make system- 
atic thermometric observations at the 
bedside, to keep temperature charts and 
to determine finally the types of febrile 
reactions in different diseases. Modifi- 
eations of the clinical thermometer are 
now available for different types of work, 
and such delicate instruments as the 
dermatherm have been devised so that 
minor changes in the surface tempera- 
ture of the skin can be determined. 

Inspection or looking, palpation or 
feeling, percussion or the listening to 
notes that are produced by tapping, and 
auscultation or the listening to sounds 
that are generated within the body are 
the four pillars of physical diagnosis. 
Dr. Osler has said that many more mis- 
takes in diagnosis are made from not 
looking than from not knowing, and cer- 
tain it is that simply by looking we can 
gain much diagnostic information. ~ By 
palpation, the art of feeling with the 


hands, much can be found out about dis- 
ease processes on the surface of the body 
and to a less extent inside of it, notably 
by feeling through the soft abdominal 
walls and inside of the various body ori- 
fices. But until the eighteenth century 
the bony wall of the chest effectively 
shielded the organs inside of it from the 
eurious eyes, ears and fingers of the 
physician. 

In the middle of the eighteenth cen- 
tury, Leopold Auenbrugger (1722-1809), 
a Viennese physician, remembering how 
his father, an inn-keeper, determined the 
level of wine in casks by tapping on them, 
applied the principle of tapping or per- 
eussion to the examination of the chest. 
Through painstaking experiment and col- 
lection of data he gave to medicine the 
art of percussion. By this simple means 
we have learned how to map out the size 
and position of the heart, to discover the 
presence of tumors in the chest and to 
detect the replacement of air-containing 
lung tissue by the products of inflamma- 
tion or fluid. 

Supplementing the discovery of Auen- 
brugger was that of Laennec (1781- 
1826), the French student of disease who 
was impressed with the importance of 
listening to sounds that were generated 
by diseased hearts and lungs. In passing 
through the court-yard of the Louvre, he 
observed a group of children who were 
engaged in signalling to each other 
through a hollow beam. Hurrying to the 
hospital he made a cylinder.of a piece of 
paper, applied one end to the chest of a 
patient and the other end to hisear. New 
fields were opened to his hearing, the 
stethoscope was born, and the real art 
of auscultation was introduced into medi- 
cine. 

This quadrad of physical diagnosis, in- 
spection, palpation, percussion and aus- 
cultation was firmly established by the 
early years of the nineteenth century; it 
remains the basis for the clinical ex- 
amination of patients, and a physician’s 
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excellence may in large part be judged 
to-day by the skill and judgment that he 
displays in using it. Supplementary aids 
have come in large numbers, chemical, 
physical and biological procedures that 
test it and elaborate it, none to supplant 
it, all adding glamor and strength to this 
natural equipment of the physician in his 
diagnostic efforts. 

The application of chemistry to diag- 
nostic medicine has brought new signifi- 
cance to the study of the urine. We need 
no longer say with Webster in the 
‘*Duehess of Malfi,’’ ‘‘the urine is the 
physician’s whore, for she cozens him’’; 
nor need we send such messages as the 
page took to Falstaff, when, in reply to 
the question, ‘‘Sirrah, you giant, what 
says the doctor to my water?’’, the page 
replies, ‘‘He said, sir, the water itself 
was a good healthy water; but for the 
party that owed it, he might have more 
diseases than he knew of.’’ Likewise, 
chemical studies of the blood, the saliva, 
the gastric juice, of the body fluids and 
effluvia in general and of the respired 
air have brought us methods of precision 
and of inestimable value as diagnostic 
procedures. 

Physics has found its place over a wide 
range in clinical medicine. The sphyg- 
momanometer, an instrument for measur- 
ing the pressure of the blood within the 
arteries, owes its origin to the work of 
Stephen Hales (1677-1761) who, in 1733, 
described his experiments in determining 
the arterial blood pressure in horses by 
the simple expedient of fastening a long 
glass tube inside of an artery and read- 
ing directly the height of the column of 
blood. The column of blood has been 
reduced to a column of mercury, which 
is connected by rubber tubing to a dis- 
tensible sack, which, after being applied 
to an arm or a leg, is inflated until the 
flow of blood in the main artery under- 
lying it is shut off. The pressure re- 
quired to do this is thereby registered 
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by the column of mercury in a milli- 
meter tube. Light, either direct or re- 
flected or in the form of electrically 
lighted instruments, has opened the por- 
tals of the body to direct inspection, 
deep down into their recesses. Elec- 
tricity has given us the x-ray as a means 
of penetrating vision, galvanic and fa- 
radic currents for the study of nerves 
and muscles, and such instruments as the 
electrocardiograph for the study of ac- 
tion currents that are generated by the 
contraction of the heart muscle. Polari 
scopes, spectroscopes and colorimeters 
now play an integral part in diagnostic 
efforts. The microscope has a multitude 
of uses in clinical medicine and is essen- 
tial in the proper examination of every 
patient. 

Of course, we have done nothing more 
than touch the high spots in showing the 
application of physics to medicine, but it 
is probably enough to indicate the avidity 
with which medicine avails itself of every 
opportunity for supplanting inexact ob- 
servations and opinions with physically 
exact measurements and records. 

Studies in the fields of serology and 
immunology have brought us some of our 
most important diagnostic aids. Paul 
Ehrlich (1854-1915), through the elab- 
oration of differential stains, recognized 
the varieties of white blood cells that 
normally occur in the circulating blood, 
and showed how these normal values were 
modified, in quality and in quantity, by 
bacterial invasions of different kinds and 
by certain chemical poisons. His studies 
led him to a theoretical explanation of 
immunity, or the mechanism by which the 
body develops a resistance to the disease 
processes which attack it. Emil Behring 
(1854-1917), working at the same time 
as Ehrlich, specifically studied the anti- 
toxins that are to be found in the blood 
serum in response to the introduction of 
toxins of bacterial origin. Means have 
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been found for identifying these prod- 
ucts of reaction in the blood serum, and 
it has been shown that they are specific, 
and recognizable as such, for the type of 
bacterium to which the body is reacting. 
From these investigations have come the 
diagnostic methods of blood counting, of 
agglutination reactions, of complement 
fixation tests and tests for tissue sensi- 
tivity to specific toxins, measures that 
often enable us to say with certainty 
what bacterium or toxin is responsible 
for the disease before us. 


In summary, then, the physical diag- 
nosis of disease is based to-day upon the 
naturalistic conception that all disease 
has a natural origin, runs a natural 
course, produces natural reactions in the 
body, results in natural changes in the 
body tissues and terminates by processes 
that are naturally understandable and 
detectable. The studies of anatomy, 
physiology, pathology, bacteriology and 
serology have yielded a vast fund of 
knowledge in support of this conception 
and have enabled us to recognize the 
effects of disease while they are in prog- 
ress. The sciences of physics, chemistry 
and biology have widened the scope of 
diagnostic medicine and have led to sci- 
entific certainty in many of its investi- 


gations. Of course, with all this, much 
yet remains to be done, and much is be- 
ing done day by day. Medicine now 
shares with science in general a pride in 
its accomplishments, a satisfaction in the 
knowledge that it has gained through 
painstaking investigation and honesty of 
effort and the humble realization that 
the future will modify some of its con- 
cepts, strengthen some and destroy 
others. 

I have purposely left out of considera- 
tion the personal equation of the physi- 
cian in diagnostic medicine. This would 
carry us into the intangible field of in- 
dividual knowledge and judgment, and a 
discussion of it would lead nowhere. 
Suffice it to say that medicine has made 
for better doctors as medicine itself has 
grown into a better medicine. I have 
also failed to consider the mental and 
emotional fields of diagnostic medicine, 
not because they are lacking in impor- 
tance, but because they do not lend them- 
selves to the scientific approaches with 
which we have been dealing. It has been 
my purpose to show that physical diag- 
nosis has in large part been mechanized, 
and to indicate the exact methods that 
clinical medicine has at its disposal to- 
day for determining the cause and na- 
ture of disease. 











THE MAYA COUNTRY IN YUCATAN 


By Dr. A. S. PEARSE 
PROFESSOR OF ZOOLOGY, DUKE UNIVERSITY 


Tue Mayas have long occupied the 
Yueatan Peninsula and adjacent parts 
of Central America, particularly Guate- 
mala and Honduras. The peninsula is 
for the most part a flat sheet of limestone 
which was raised out of the ocean in the 
Pleistocene epoch of geological history. 
It is so recent that it has not yet had time 
in most places to accumulate more than 
a very thin layer of soil. During the dry 
season when the sun shines on the sur- 
face of the ground, it gets very dry and 
hot. No point in the State of Yucatan 
is more than a thousand feet above sea 
level. The shrubs and trees are there- 
fore semi-xerophytic in character. 
There are no rivers in Yucatan, but long 
brackish cienagas extend along the coast. 
Toward the base of the peninsula the 
forest grows heavier; rivers flow into the 
cienagas. Here grows the sapote tree, 
the secretions of which (chicle) furnish 
the basis for chewing gum; also Spanish 
eedar, mahogany and other valuable 
woods. Guatemala and Honduras are 
for the most part rather wet and when 
not disturbed by man are usually cov- 
ered by swampy areas and heavy forests. 

The Mayas have a glorious past. Be- 
fore Columbus came to America they had 
built magnificent and ornate architec- 
tural works, all without the use of metal 
tools, wheels or keystone arches. They 
constructed fine roads, which were often 
paved and graded. In Yucatan there 
were two periods when Mayas built up 
great empires. The Old Empire thrived 
from about 350 a.p. to 670 av. Then 
there was a migration south for several 
hundred years, but from about 965 a.p. 
to 1450 a.p. the New Empire flourished 
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and many of the great architectural 
monuments that stand to-day were built. 
All over Yucatan one encounters vege- 
tation-covered mounds with bits of 
masonry showing here and there. The 
most accessible of the great ruins are at 
Chichen-Itza, where many buildings and 
monuments have been wholly or partially 
rebuilt by the Carnegie Institution and 
the Mexican Government, and at Uxmal. 
The ancient Maya system of govern- 
ment was somewhat like that in medieval 
Europe. Great cities like Uxmal, Coba 
and Chichen-Itza were centers for trade, 
government and religion. The noble- 
men were priests, political administra- 
tors and warriors. Thousands of slaves 
eaptured during wars were used in con- 
structing buildings and roads. Merce- 
nary soldiers were brought in from other 
parts of Mexico. The culture of the Old 
Empire was largely Mayan, but during 
the golden age of the New Empire many 
Toltec institutions were introduced from 
the mainland of Mexico. Among these 
human sacrifice, ball courts and the 
feathered serpent may be mentioned. 
When Montejo established Spanish 
colonies in Yucatan in the seventeenth 
eentury the glory of the New Empire 
had already departed. The Mayas in 
their best days supported a high order 
of culture. The architectural works are 
well known. The Mayas used two calen- 
dars, religious and fiseal, which were 
carefully integrated. Astronomers were 
able to predict eclipses accurately. Most 
of the stone monuments which the Mayas 
left in various places are covered with 
dates of important historical events; 
such as the inauguration of kings and 
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great battles. The written hieroglyphic 
codices of the Mayas were largely de- 
stroyed by bigoted Spanish priests while 
they were converting the Indians. Only 
three of these old manuscripts remain. 
In the later days of the empire jealousy 
and wars between the cities, and perhaps 
contributing causes, such as disease and 
famine, paved the way for the disinte- 
gration of high culture. When Montejo 
made his entrada the great buildings at 
Chichen-Itza and Uxmal were already 
overgrown with vegetation and falling 
into ruins. 

The greatest hero in Mayan history is 
Kukulean. He is said to have been 
brought to Chichen Itza as a captive and 
thrown at dawn into the Sacred Cenote 
as a sacrifice to the rain god. At noon 
he was alive. There had been a prophecy 
that if a man survived the cenote ordeal 
he was to be a great leader for the Mayan 
people. Kukulean was accordingly taken 
out of the cenote and honored as a king. 
He proved to be a very wise and compe- 
tent ruler. The Mayan Empire flour- 
ished under him. Later he was believed 
to be a god, in fact none other than 
Quetzaleoatl, who had condescended to 
appear in the form of a man to help the 
Mayas. Now he is a semi-mythological 
character. 

At present, as in the past, the great 
problem for the Mayas in Yucatan is to 
get water. As there are no rivers, people 
depend on cenotes, great well-like per- 
forations through the limestone which 
reach ground water; aguadas, shallow 
water holes which are often filled with 
aquatic vegetation; and cuevas (caves), 
where water drips slowly from the roof 
into pots or sometimes stands in little 
natural pools. As one travels through 
the country he finds that where there is 
a village there is usually a cenote. 

The Mayas have from ancient times 
raised two crops on the thin rocky soil 
of Yucatan and they continue in muth 


the same way to-day. Corn (maise) is 
raised by milpah farming. A tract of 
land is cleared of timber, which may be 
of value for building or fuel and then 
burned over. Corn is planted at the 
beginning of each rainy season (May) 
between the stumps and rocks for about 
two years, when the growth of other 
plants makes it difficult to continue to 
cultivate. A new milpah is then pre- 
pared. On account of limited water 
supply the ears of corn are usually 
rather small and the kernels hard, but 
the flavor is excellent. Another staple 
erop is hennequin, a fiber-producing 
plant, which requires seven to nine years 
to reach bearing size and then continues 
to produce fibrous leaves for about 
twenty years. Fruits are also often 
raised in the yards about houses— 
oranges, papayas, melons, soromoyas, 
mangoes, mames, aquacates, bananas, 
ete. Among the trees there are always 
chickens and pigs; also often goats and 
other domestic animals. Cattle are 
raised on  haciendas everywhere. 
Toward the south in Quintana Roo and 
Campeche chicleros make a living by 
collecting chicle from the sapote tree, 
and there are many cattle. 

It is pleasant to travel through the 
Maya country. Though one must often 
suffer minor inconveniences from mos- 
quitoes, sand-flies, bedbugs, fleas, ticks, 
bad water and poor food, the little In- 
dians are always honest, courteous and 
hospitable. A modern Maya wears a 
characteristic dress. He is generally 
very clean. The women are usually wide 
and dumpy. They wear a loose white 
gown, which has printed patterns or 
embroidery about the low neck and 
around the bottom. Often a fancy petti- 
coat extends below the dress. Poor 
women are barefoot, but those who can 
afford to do so wear sandals (alpargates) 
or perhaps even high-heeled shoes. 
When going abroad, as to market or to 
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THE MAYA COUNTRY 


the mill where her maise is ground, a 
woman usually wears a bright-colored 
scarf over her head and about her shoul- 
ders. Often she carries a water pot on 
her hip or a dish of maise on her head. 
A man wears a white cotton shirt and 
pants, a large straw sombrero or no hat 
at all, sandals and a characteristic cotton 
apron which extends to his knees across 
the front, along one side and across 
the back but is open on the right side. 
Heavy burdens are carried on the back 
and supported by a strap across the fore- 
head. 

When one travels into the interior of 
Yueatan, he finds accommodations very 
simple. Even in hotels he expects noth- 
ing but food and two hooks on the wall. 
He hangs his own hammock, which he 
carries with him in a bag. Food always 
includes tortillas and frijoles; perhaps 
also chicken, pork, beef, squash, agua- 
eates, tomatoes or other fruits. Mayas 
generally drink pozole, which consists of 
raw corn meal in cold water. This bev- 
erage becomes quite sour after a few 
hours. Affluent persons imbibe choco- 
late at the end of a meal. The chocolate 
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EL CASTILLO, CHICHEN ITZA; SAID TO HAVE BEEN BUILT BY KUKULCAN., 


is flavored with cinnamon in the usual 
Mexican style and makes a very agree- 
able drink. The foods of the Mayas are 
not prepared or served in a very sanitary 
way. Intestinal diseases are therefore 
prevalent, especially amoebic dysentery. 

Mayas are Roman Catholics. Little 
shrines often occur along roadways, and 
almost every thatched hut contains a 





THE INITIAL SERIES LINTEL, 619 A.D.; 
CHICHEN ITZA. 


simple one. Pictures of virgins and 
crosses are supported by eandles and 
fiowers in old liquor bottles. Large 
haciendas often provide churches for the 
Indian laborers. In the large towns 
there are cathedrals, many now wholly 
or partly in ruins with the recent decline 
of the church in Mexico. In some loeali- 
ties church buildings are now used for 
schools, restaurants and other purposes. 

Where land has not been cleared for 
milpahs or hennequin haciendas it re- 
mains in a rather primitive state, cov- 
ered by low trees and shrubs. There are 
a few roads suitable for automobiles, but 
most of the country roads are difficult 
even on horseback or in a cart. During 
the rainy season they consist of alternat- 
ing strips of shallow canals and rough 
rocky ridges. Most Mayas make their 
journeys on foot with their burdens on 
their backs. Parts of Quintana Roo 
have never been conquered or surveyed 
by Spaniards or Mexicans. 

As one goes along the country roads 
afoot or on a horse thorny shrubs reach 
out and snatch his hat off or tear holes 
in his shirt. Along the way giant cacti 
are interspersed with acacias, agaves and 
other semi-xerophytic plants.  Leaf- 
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CATHEDRAL AT OXKUTZCAB 


cutter ants march in long armies bearing ally a peccary, porcupine, agout 
bits of leaves to the fungus beds within may be seen. Sapolotes (buzzards) ar 


their great nest mounds. Doves and everywhere. In the rocky crevices 
quail are common. Morning and even- cenotes twittering swallows and 
ing cardinals and other beautiful song mots build their nests. The latte 
birds make the trails pleasant, but at beautiful, hoarse-voiced, iridescent bi 
midday little life is to be seen. One often with long tails which they conti 
meets an Indian with a deer. Occasion- wag from side to sick 
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MAYA FIGURINES. 


The porous limestone which underlies 
the thin soil throughout Yueatan per- 
mits water to percolate readily. Rains 
quickly descend to near sea level and 
usually there is no water available at the 
surface. Before wells were built Mayas 
were dependent on cenotes and caves for 
water. Wild animals are still obliged to 
seek water in caves during the dry sea- 
son. There are also a number of species 
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which live permanently in the under- 
ground waters and wander about from 
place to place through crevices in the 
rock. Bagres (catfishes) often live in 
cenotes and caves. Blind eave fishes 
have also been found. Blind shrimps, 
blind schizopods and isopods are widely 
distributed and are often captured in 
eaves and wells. A Maya woman draw 
ing water from a hundred feet below 
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MAYA GIRL SEATED ON A CHAC MOL; TEMPLE OF WARRIORS, CHICHEN ITZA. 
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may find a white, blind crustacean swim- 
ming about in her bucket. 

At present social and political condi- 
tions are changing in Yucatan. The old 
order wherein wealthy haciendados 
dominated great plantations and were 
the local rulers of hordes of illiterate 
peons is giving way to a new socialistic 
government. State schools are being 
established everywhere, and parochial 
schools have lost their influence or have 
been closed altogether. There are two 
types of teachers; some hired by the 
federal government and some by local 
authorities. In certain districts the 
teachings of the former were so unpopu- 
lar that the teachers were killed by the 
natives. Labor unions dominate certain 
activities and are often not well organ- 
ized. The baggage handlers union pes- 
ters the traveler with petty fees for 
unnecessary services at docks and rail- 
way stations. Most of the haciendas are 
desefted by the owners because their 
laborers no longer look upon them as 
benign patrons, but demand impossible 
privileges or wages and even attack their 
employers. Village police usually sus- 
pect that any stranger is looking for 
gold, and presidentes demand that a 
stranger appear before them to explain 
his business. In addition to bull-fighting 
and baseball, one of the open sports is 
shooting governors and other officials. 





JAGUAR AND EAGLE HOLDING HUMAN 
HEARTS; CHICHEN ITZA 


Men of property are discouraged becaus 
the federal government is confiscatu 
their lands and apportioning then 
During the year 1936 
little or no hennequin was pla 
Yucatan by the hactendados. They felt 
that it would be wasted effort because 


among Indians. 


their lands would soon be confiscated 
and given to poor men who w 

neither knowledge or means to manufae 
ture hemp or market it. so times ar 
bad in Yucatan; but the country and th 


people are good 
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THE PROGRESS OF SCIENCE 


FATHER AND SON AS PRESIDENTS OF THE BRITISH ASSOCIATION 


Lorp RAYLEIGH has been elected presi- 
dent of the British Association for the 
Advancement of Science to sueceed Sir 
Edward Poulton. Lord Rayleigh’s father 
was also president of the association ; his 
presidential address, given in Montreal 
in 1884, is reprinted as the leading article 
in this issue of THe Screntiric MONTHLY. 
The address was originally in the Pop- 
ULAR ScrmENCE now THE SCIENTIFIC 
MonTuty for October, 1884. 

The address, covering as it does the 
development of physics at that time, is 
particularly interesting in view of the 
continuous progress of physics, for it was 
Lord Rayleigh, Sir William Thomson 
(later Lord Kelvin), James Clerk Max- 
well, Sir J. J. Thomson, Willard Gibbs, 
Hertz, von Helmholtz and their contem- 
poraries who laid the foundations of the 
modern science of physics. 

In introducing Lord Rayleigh at the 
first assemblage of the at 
Montreal, Sir William said : 
‘*Professor Cayley |who preceded Lord 
Rayleigh in the presidency! has devoted 
his life to the advancement of pure math- 
ematies. It is indeed peculiarly appro- 
priate that he should be followed in the 
honorable post of president by one who 
has done so much to apply mathematical 
power in the various branches of physical 
science as Lord Rayleigh has done. In 
the field of discovery and demonstration 
of natural phenomena Lord Rayleigh 
has, above all others, enriched physical 
science by the application of mathe- 
matical analysis. In reading some of 
the pages of the greatest investigators of 
mathematics one is apt occasionally to 
become wearied, and I must confess that 
some of the pages of Lord Rayleigh’s 
work have taxed me most severely, but 
the strain was well repaid. When we 
pass from the instrument which is harsh 
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not 
it 
oughly, to the application of the instru 


and crabbed to those who do vive 


themselves the trouble to learn thor- 
ment, see what a splendid world of light, 
beauty and music is opened to us through 
such investigations as those of Lord Ray 
leigh! His book on sound is the vreatest 


piece of mathematical investigation we 
know of applied to a branch of physical 


science. 


This feature of his work, its extreme 
accuracy and definiteness, the combina 
tion of mathematical acumen with ex 
perimental skill is the measure of its 


greatness. <A large part of his work con 


sisted in the examination of things con 


eerning which the superficial facts were 
already known In this way he fur 
nished a great mass of detailed and pre 
cise material In fact, he covered the 


greater portion of the entire field of phys 
ies filling in many gaps by experiment, 
T) 


to which he contributed include 


ealculation and thought subjects 


ic 
chemica 
physies, capillarity and 


Viscosity, thie 
+ 


yf 


tography, optics, color vision 


theory « he flow of liquids, ph« 


the 


gases, 1 
wave 
theory, electricity and magnetism, elec 
trical measurements, elasticity, hydro 
dynamics and sound, the last named being 
rk 


the subject of his most extensive wi 


‘*The Theory of Sound,’’ a mathematica! 
treatise published in 1877-1878. While 
this is his most important work the dis 
covery of argon in 1904 is the most widely 
known. 
his original work appeared were later 


The numerous memoirs in which 


published together under his editorship 
The last of these volumes appeared in 
1903. 

Lord Rayleigh’s earlier papers were 
written under the name of J. W. Strutt. 
for he succeeded to the title in 1872, after 
he had become well known as a physicist. 
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He was born on November 12, 1842. 
He did not attcnd a public school because 
of poor health ; however, he attended Trin- 
ity College, Cambridge, and was gradu- 
ated in 1865 with distinguished honors. 
Following the usual custom, when a stu- 
dent of a college has distinguished him- 
self in the final examination, Trinity 
College elected him to a fellowship, which 
he relinquished on his marriage in 1871. 
He succeeded Clerk Maxwell as Caven- 
dish professor of experimental physics at 
the University of Cambridge, occupying 
this chair from 1879 to 1884. In 1887 he 
became professor of natural philosophy 
at the Royal Institution of Great Britain, 
from which he resigned in 1905. He de- 
voted much time to the organization of 
the Cavendish Laboratory, the gift of the 
eighth Duke of Devonshire, chancellor of 
the University of Cambridge, whom Lord 
Rayleigh succeeded in the chancellorship 
in 1908. He was elected a fellow of the 
Royal Society in 1873, and was president 
of the society from 1905 to 1908. He was 
one of the original members of the Order 


of Merit, instituted in connection with 
the coronation of King Edward VII. He 


received the Nobel Prize in 1904. 
The present Lord Rayleigh was born 


on August 28, 1875, and attended Eton . 


He is 
now emeritus professor of physics at the 
Imperial College of Science, South Ken- 
sington. He was Bakerian lecturer in 
1911 and 1919 and has been at various 
times foreign secretary of the Royal So- 


and Trinity College, Cambridge. 


ciety, president of the Section of Mathe- 
matics and Physies of the British Asso- 
ciation for the Advancement of Science 
and president of the Physical society 
He is chairman of the governors of the 
Tech 
nology and of the executive committee of 
the National Physical Laboratory 

Lord Rayleigh’s influence on the di 


Imperial College of Science and 


velopment of physical science has been 


profound. As is stated in Nature: *‘ First 


and foremost an experimental physicist 
he has his father’s flair for recognizing 
those aspects of an experimental investi 
gation which most need stressing and fo 
extracting results of fundamental impor 


tance from apparatus of simple, even 


primitive type. His work on radium and 
the earth’s heat is classic in quality and 
he has elucidated many diverse, and yet 
related, phenomena in his studies of the 


aurora borealis, the light o 


of the night sky 


the green flash and the fluorescence 
mereury vapor. He has lately studied 
the conditions of optical contact of glass 
surfaces, and has investigated, by) 
mirably simple methods, the pull re 
quired to separate, and the work don ! 
separating, contacted surfaces. Hi: iS 


measured the small amount of 

between two contacted glass surfaces and 
has shown that the blackness of the black 
eenter of the Newton’s rings for 
tween a spherical and a plane surf: s 


by no means perfect 


UNIVERSITY PRESIDENTS WHO HAVE BEEN PSYCHOLOGISTS 


In the old days the college president 
was nearly always a clergyman, usually 
one who was or had been a professor. 
The president of Lafayette College, in 
whom the writer of this note is inter- 
ested above all others, was typical—a 
professor of the classics, then for three 
years a Presbyterian pastor, then in 1863 
called to the presidency of the college, 
Eliot 


was the first lay president at Harvard, 


being also professor of philosophy. 


Yale, Wilson at 


founding 


Hadley al 
With the 


state universities and the development 


Prineceto 
and growth of the 
the colleges from the status of theological 
preparatory schools, with the advance of 
science, technology, medicine and law. 
many colleges became universities and a 
Those 
mentioned above are typical, as are Gil 
man at the Johns Hopkins, White at 
Cornell and Angell at Michigan. These 


new type of president was sought 
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DR. WILLIAM LOWE BRYAN 
PRESIDENT OF INDIANA UNIVERSITY FROM 1902 To 1937. Dr. BRYAN GRADUATED FROM INDIANA 
UNIVERSITY IN 1884; STUDIED IN BERLIN, WURZBURG AND PARIS AND RECEIVED THE DOCTOR OF 


PHILOSOPHY DEGREE AT CLARK UNIVERSITY IN 


PROFESSOR OF PHILOSOPHY AND PSYCHOLOGY AT 
THE AMERICAN PSYCHOLOGICAL ASSOCIATION IN 


1892 UNDER STANLEY HALL. HE THEN BECAME 
INDIANA UNIVERSITY. HE WAS PRESIDENT OF 
1903. His EARLY WORK ON THE MEASUREMENT 


OF MOTOR ABILITY AND THE PRACTICE CURVE HAS BEEN OF FUNDAMENTAL IMPORTANCE IN EXPERI 
MENTAL PSYCHOLOGY. 


presidents were scholars, but the increas- 
ing complexity of the universities seemed 
to require men who were primarily execu- 
tives; some rich business men were se- 
lected, as Low, a tea merchant, at Colum- 
bia; Harrison, a sugar merchant, at 
Pennsylvania. 


At that time there emerged a new sci- 


ence—psychology—the rapid progress of 


which in America being in part due to 
the fact that the president was no longer 
a clergyman who taught mental philoso- 
phy. The first chair of psychology, here 
or abroad, was established for Cattell at 
the University of Pennsylvania in 1888; 
he moved to Columbia in 1891. Then in 
rapid succession chairs of psychology 
were established in nearly all our lead- 
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DR. LIVINGSTON FARRAND 


PRESIDENT OF CORNELL UNIVERSITY FROM 1921 To 1937. Dr. FARRAND GRADUATED FROM PRINCE 
TON UNIVERSITY IN 1888 AND THE COLUMBIA MEDICAL SCHOOL IN 1891, HAVING BEEN AT THI 
SAME TIME A STUDENT OF PSYCHOLOGY IN THE UNIVERSITY, WHICH STUDY HE CONTINUED AT THI 
UNIVERSITY OF CAMBRIDGE. HE BECAME INSTRUCTOR IN PSYCHOLOGY IN COLUMBIA UNIVERSITY 
IN 1903 AND LATER PROFESSOR OF PSYCHOLOGY AND OF ANTHROPOLOGY. HE WAS PRESIDENT OF 
THE UNIVERSITY OF COLORADO FROM 1914 TO 1919 AND THEN CHAIRMAN OF THE EXECUTIVE COM 


MITTEE OF THE RED Cross. HE WAS SECRETARY 


FROM 1895 To 1904. A PAPER BY CATTELL AND 
MEASUREMENTS OF THE STUDENTS OF COLUMBIA UNIVERSITY,’’ PUB! 


OF THE AMERICAN PSYCHOLOGICAI! 


ASSOCIATION 
AND MENTA 
ISHED IN 1896, IS GENERALI 


FARRAND, ENTITLED ‘*‘ PHYSICAI 


REGARDED AS HAVING LAID THE FOUNDATION FOR WORK ON INDIVIDUAL DIFFERENCES AND THE USI 
OF PSYCHOLOGICAL MEASUREMENTS IN SCHOOLS AND COLLEGES. 


In 1889 William James 
was transferred from an associate pro- 


ing universities. 


fessorship of philosophy to a chair of 
psychology at Harvard and published 
the following year his great work on 
psychology. Miinsterberg was called 
from Germany to Harvard and Titch- 


ener from England to Cornell in 1892 
Within this short period from 1888 to 
1892 chairs of were estab- 
lished at Wisconsin, Indiana, Nebraska. 
Brown, Wellesley, Stanford, Clark, Ili 


nois, Toronto, Princeton and elsewhere 


pss chology 


Contemporaneously with this remark 
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DR. JAMES ROWLAND ANGELL 
Dr. ANGELL GRADUATED IN 1890 FROM THE UNIVERSITY OF MICHIGAN, WHERE HIS DISTINGUISHED 
BURRILL ANGELL, WAS PRESIDENT. HE RECEIVED THE MASTER’S DEGREE FROM ot 
AND DIRECTOR OF THE PSYCHOLOGICAL 


FATHER, JAMES 


HARVARD UNIVERSITY AND WAS PROFESSOR OF PSYCHOLOGY : 
LABORATORY AT THE UNIVERSITY OF CHICAGO FROM 1901 TO 1920, HAVING BEEN ALSO DEAN AND al 
AT ONE TIME ACTING PRESIDENT. HE WAS CHAIRMAN OF THE NATIONAL RESEARCH COoUNCII IN al 
1919 AND PRESIDENT OF THE CARNEGIE CORPORATION IN 1920. HE WAS PRESIDENT OF THE AMER er 
ICAN PSYCHOLOGICAL ASSOCIATION IN 1906 AND VICE-PRESIDENT OF THE INTERNATIONAL CONGRESS 
OF PSYCHOLOGY MEETING AT YALE UNIVERSITY IN 1929, ut 
| on 
able advance of psychology there was a came professor of philosophy and educa- ; re; 
corresponding development of the teach- tion at Columbia; he had established Th: j up 
ing of education—pedagogy it was then Educational Review in 1889. Dr. Russell 
called—in our universities. It began in became dean of the newly established sin 
the state universities, but received its Teachers College at Columbia in 1897. He 
most notable advance in the appointment Psychology and edueation, which rai 
. . . . e » 4 
of Professor Hanus at Harvard in 189T should be an applied science based pri- ; ore 
by President Eliot against the opposition marily on psychology, seemed the most ; Mo 


of the faculty. Dr. Butler in 1890 be- logical fields from which to draw the Va 
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president of a university, if he were to 
be an educational leader rather than an 
Stanley 
Hall became president of the newly es- 
tablished Clark University in 1888, Dr. 
Butler president of Columbia in 1902. 
There have since been other professional 
students of education 
versity presidents, as Dr. Coffman at 
Minnesota, Dr. Elliott at Purdue and 
Dr. Capen at Buffalo. A number of psy- 
chologists were elected to be presidents 


orator and collector of money. 


who became uni- 


at that time or later, three of whom have 
just retired; President Bryan at 
Indiana, President Farrand at Cornell 
President Angell at Yale. Others 
President Scott at Northwestern, 
President Lindley at Kansas and Presi- 
dent Chase at New York University. 


now 


and 
are 
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University presidents are now drawn 
from nearly all sources. The principal 


of MeGill 


elected 


University, Mr. Douglas, 


last month, is a business man 
and publicist, but there appears to he 
a tendency to select professors Irom the 
departments of political science, eco 
seymour at 


Dodd at 


nomics and history, as Dr 
Yale, Dr. Day at Cornell, Dr 
Princeton. Dr. Conant at Harvard, how 
The 


function of 


ever, 1s a chemist. change in the 


attitude and the American 
university since the Johns Hopkins Uni 
versity was opened in 1876 is indicated 
by the fact that Dr. Conant is a research 
chemist of distinction, whereas Eliot was 
a teacher of chemistry. 


J. McK. C 


SCIENCE IN PALESTINE 


With Palestine a natural laboratory, 
great scientific strides have been made 
by the Hebrew University in Palestine 
since its inception ten years ago—strides 
that have had a marked effect on the 
industrial, social and commercial devel- 
In this compara- 
tively short time there are already visible 
benefits in Palestine resulting from the 
work done at the university in hygiene, 
bacteriology, zoology, physics, chemistry, 


opment of the country. 


biology, botany, geology and archeology. 

Researches conducted by the Institute 
of Chemistry in the field of soil formation 
and soil chemistry have supplied invalu- 
able data on Palestinian phosphates, min- 
erals, the 
utilization of not 
only solved problems for industries al- 
ready established there, but have opened 
up new fields for commercial enterprise. 

For the biologist, Palestine offers a 
singularly valuable field of research. 
Here the flora and fauna of the Mediter- 
ranean region meet with those of the 


fermentation of tobacco and 


aleohol, which have 


great desert belt that stretches from 
Moroeco to Turkestan. In the Jordan 
Valley, tropical influences are to be 


found, while only a few hundred kilo 
meters away are the snow-covered slopes 
of Mount Hermon in the Lebanon. With 
such sudden transitions, the influence of 
the 


ean be 


extreme factors on distribution of 
living 
much better than at any other plac 


The 


Garden at the university 


organisms investigated 


recently inaugurated Botanical 
is a reproduc 
the 


tion of the ancient wood growths of 


Palestinian hillsides in their virgin and 
Much of the 


work of the department of 


pristine form researc! 


‘ . 
hota} \ S AISO 


; 


being concentrated in the study plant 


the 


physiology on water metabolis Ol 
the plants. 

The university contains the only Mu 
Biblical Botany in 
the floral 


(seven-branched candelabrum 


seum of existence, 
ineluding 
Menorah 


and the Rose of Sharon, as well as many 


prototype ot the 


other plants mentioned in the Scriptures 
Successful projects in afforestation, irri 
gation and the cultivation of new prod 
ucts are also to be credited to the depart 
ment of botany. 

The work of the department of hygien« 


and bacteriology, aided by the Malaria 
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~~ 


OF PHYSICS AND 


SHOWIN( | oF 


MATHEMATICS 
MAIMONIDES, M 


JEWISH PHILOSOPHER. 


Research Station, partially subsidized by 
the League of Nations Health Commis- 
sion, and the cancer and radium insti- 
tutes, the first of their kind in the Near 
East, has had considerable effect in im- 
proving the health conditions in that 
region. 

Observations made by the Malaria Re- 
search Station, which resulted in success- 
fully combatting the disease in the Near 
East, showed that the anopheline mos- 
quitoes behaved differently during the 
prehibernating season from the active 
breeding period in the spring and early 
summer. During the former time the in- 
sects disperse over large areas, from 
twelve to fourteen kilometers from their 
breeding place. 
that, contrary to accepted belief, anophe- 
line mosquitoes feed in the open on peo- 
ple or animals sleeping out-of-doors near 
their habitats. Children below the age 
of four to six were discovered to develop 
no immunity to malaria infection even 


It was also discovered 


after repeated attacks, reinfection 


ring frequently immediately afte 
cure. 
Considerable progress has hee} mace 


by the department of bacteriology in as 
relation of climat: 


Hig} 


SUS 


eertaining the 


ceptibility clisease temperature, 


associated with a high relative humidity, 
plus excessive exposure to solar radia 
tion, increases host susceptibility to ty 
phoid infection. It was also found that 
at high temperature there is a higher 


Vitamin B requirement, and that with an 


insufficient Vitamin B intake, the hie) 


fat-containing diets, common in tem 
perate countries, are distinctly harmful 
in tropical and subtropical climates 


These observations have led t the sue 
cessful treatment, with proper nutrition, 
of infantile toxicosis prevalent among 
certain classes of children during the hot 
season. 

The department of parasitology, under 


the direction of Dr. Saul Adler. whose 
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A LABORATORY CLASS IN BOTANY 


researches won him the Chalmers Medal, 
the highest award of the Royal Society 
of England, has made considerable prog- 
ress in alleviating cattle diseases by its 
researches in kala-azar, or sand-fly fever, 
and theileriosis, or East Coast cattle 
fever. Great benefits have been derived 
agriculturally in Palestine by the re 
searches of the department of zoology in 
migratory locusts, as well as in methods 
of combatting some of the citrus insects. 

Exploration of uninhabited regions in 
the southern and eastern parts of Pales 
tine has been made by the geology de- 
partment at the university with the pur- 
pose of discovering new territories for 
settlement. Construction activities in 
Palestine have also been considerably 
aided by the work of the Materials Test- 
ing Laboratory in ascertaining the type 
of construction material suitable for the 
climate. . 

With Palestine and neighboring re- 


gions a rich source for archeologists, tre- 





AT THE HEBREW UNIVERSITY IN 
PALESTINE. 


mendous progress has been made in 
archeological discoveries conducted by 
the university in cooperation with Har- 
vard University and similar institutions. 
Ancient Jewish tombs and synagogues 
found by the university ’s archeologists 
have done much to fill in wide historical 
gaps, while the recent discoveries of the 
Lachish potsherds, traced back to the 
time of Jeremiah, have done much to con- 
firm the historical accuracy of the Bible. 
According to plans of the university 
for the next few years, an expansion of 
scientific activities is expected. The 
plans include the founding of a School of 
Sub-Tropical Medicine, with the erection 
of the Hadassah-University Hospital and 
the Medical Building, already under way. 
Other projects of great scientific signifi- 
eance are the establishment of a meteoro- 
logical station, an engineering school, an 
agricultural college, an institute of nat- 
ural and exact sciences and a museum of 
natural history. AR 
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NEW! Portraits of Scientists 


Sheet Size 13 by 18 inches 


CM102 Abbé, E. CM150 Lamarck, J. B. 
CM104 Ampere, A. M. CM152 Laplace, P. S. 
CM106 Buffon, G. L. CM154 Lavoisier, A. L. 
CM108 Bunsen, R. W. CM156 Leibig, J. 
CM110 Copernicus, N. CMI158 Leyden, E. 
CM112 Curie, M. and P. CM160 Linnaeus, C. 
CM114 Cuvier, G. CM162 Lister, J. 
CM116 Darwin, C. CM164 Lyell, C. 
CMII18 Descartes, R. CM166 Mendeljew, D. J. 
CM120 Edison, T. CMI168 Metschnikoff, E. 
CM122 Ehrenberg, C. CM170 Newton, I. 
CM124 Ehrlich, P. CM172 Ohm, CG. S. 
CM126 Einstein, A. CM174 Paracelsus, P. A 
CM128 Faraday, M. CM176 Pasteur, L. 
CM130 Fraunhofer, J. CM178 Priestley, J. 
CM1382 Galileo, G. cM!1 

CM1384 Guericke, O. v. ( 
CM136 Haeckel, E. H. ( 
CMI188 His, W. ( 
CM140 His, W., Jr. ( 
CM142 Huxley, T. H. ( 
CM144 Kelvin, Lord ( 
CM146 Kepler, J. ( 
CM148 Koch, R. 


Mtg.-IP Any portrait in paper sheet for framing. $2.50 
Mtg.-GF Any portrait neatly framed under glass. 4.00 
Order from 


DENOYER -GEPPERT COMPANY 


5235 Ravenswood Avenue Chicago, Tlinois 


‘M180 Roentgen, W. K 
,M182 Schleiden, M. J. 
‘M184 Virchow, R. 
"M186 Volta, A. 
‘M188 Wallace, A. R. 
‘M190 Watt, J 

‘M192 Weismann, A. 
‘M194 Wheatstone, C. 





CM136 Haeckel 











OCCASIONAL PAPERS OF THE 
AMERICAN ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE 


The Scientific Aspects | Some Fundamental Aspects 
of Flood Control | of the Cancer Problem 


Symposium sponsored by the Section on 
Medical Sciences at Atlantic City, N. J., pub 
lished under the direction of the fol owlng 


Three illustrated papers presented at the 
Rochester meeting of the Association in co- 
operation with the Ecological Society of eine of @eckere tm wedk ae 
America, by F. A. Sileox, Chief of the U. 8. Willis Char] WI Chair - Vincent 
Forest Service, Dr. W. C. Lowdermilk, Asso _ + aedienege-y a, Cees ane 


- > ae “ > Z . du Vi reaud, C. C. Little. Esmond R. Long. 
ciate Chief of the Soil Conservation Service, 6 , ; : ® 


and Dr. Morris L. Cooke, Chief of the Rural || ~ slg a nee ae weeny 


Electrification Administration. These three | 
papers present the serious problems arising || 
from failure to control flood waters at their ||| 
source and the soil erosion resulting from || 
this neglect, and the steps that are being 1 
taken towards permanent control. 7 


These papers bring out the advances 
recently made in cancer research by leading 
investigators along the three main ap 
proaches to the problem: namely, biology, 
chemistry and physics. A brief summary 
of the papers will be found in Science for 
February 5, 1937. 


Price prepaid 50 cents Price, cloth, $2.50; paper $2.00 
THE SCIENCE PRESS 
3941 Grand Central Terminal Lancaster 


New York, N. Y. Pennsylvania 
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Full Freedom of Selection 


The Editorial Committee of the Scientific Book Club, by 
calling attention to the books which are of outstanding char- 
acter in the various branches of science, helps you save both 
your time and money. 

The books which come before Drs. Mather, Compton, Stet- 
son and Thorndike are carefully appraised both from the stand- 
point of style and accuracy. Their comments, published in 
the Scientific Book Club Review, portray clearly and without 
prejudice exactly what members may expect of the books when 
they arrive. 

Yet the Club allows full freedom to the personal opinions 
of its members in book selection. 

By joining, you immediately enlist the services of four 
distinguished scientists whom you know and respect. Each 
month the Scientific Book Club Review brings you free, their 
opinions and appraisals of the best new scientific books. Al- 
ways, their recommendations cover as many fields as the cur- 
rent output of books by the publishers permit. 

But the members of the Editorial Committee suggest, they 
do not dictate, what you shall read. 

If you want it, the book upon which they have placed their 
highest stamp of approval is sent. If, after examination, you 
do not want the book, you may return it. You may want one 
of the supplementary recommendations instead. You may 
have it. Or, you may decide, after reading the Review, that 
you want to let a month pass without a book. You may do so. 

Thus you are guaranteed against dissatisfaction. 

As a member you need take only six books a year. 

If you will sign and return the attached coupon the book 
named on it (a former Scientific Book Club Selection) will be 
sent free by return mail. 


EDITORIAL Scientific Book Club, Inc. 
COMMITTEE [ 80 Lafayette Street, New York, N. Y. 


You may enroll me as a subscriber to your service and 
send me without cost THE RESTLESS UNIVERSE, by 


u = ; 
Dr. Kimtiey F. Martner, Px.D., Sc.D., Max Born ($2.50 edition). I am pot committed to take 
Chairman more than six books during the coming year and I agree 
to notify you promptly during any month in which no 
book is wanted. The price of the book sent to me each 
Dr. ArtHuR H. Compton, Px.D., month is to be the publisher's price plus postage. A bill 
: is to be sent with each book and I agree to pay it within 
I L.D., Sc.D. 10 day s of receipt. SM 31 
Dr. Haran T. Stetson, Px.D. ~ 
Vdme 


Dr. Epwarp L. THornoike, Px.D., Crees  Sicasksickisdinenkas desis 


Sc.D., LL.D. 


City GRE BOGS ob oc vicvivcsservoscesce 
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a brand new P RACTICE 


If you plan on adding a new book on the 
practice of medicine to your group of help- 
ful volumes, let this be MEAKINS’ “Prac- 
tice.” This is the NEW PRACTICE that 
differs so much from all previous texts on 
practice. 

Here are the chief differences that you will 
find in Meakins’ Practice: 

1 It approaches disease from the clinical physiol- 

* ogy angle. 
2. It is profusely illustrated—505 black and white 


illustrations and 35 colored plates help drive 
home the messages in the text. 


3 It is largely the work of one man. This makes 


for clarity, simplicity of style and charm of ex- 
pression. 
4 It is a brand new book—a book that offers you 


something different—a view point that stimu- 
lates as well as instructs. 


Practice -‘ Medicine 


By JONATHAN CAMPBELL MEAKINS, M.D., LL.D., Professor of Medicine 
and Director of the Department of Medicine, McGill University 
1343 pages, 505 illustrations. 35 in colors Price. $10.00 





The medical profession of the world has passed 


judgment on this book. The judgment is: ‘‘It’s Chapter Headings 

good—we want it.’’ Unquestionably, Meakins is 

the book of the hour on practice. Read what re Introduct Diseases t Nas , 
viewers have to say about it: Mouth. Specific Infections of the Nasopl _ 
‘*The striking feature of this textbook is unques and Mout! Diseases of the Res System 
tionably the illustrative material.’’—Journal of Diseases of the Lungs Diseases of the Cireulatory 
the A. M. A. System. Diseases of the Serous Membranes, Med 
**Each disease is logically presented, and the ther astinum and Diaphragn Diseases of the Gastro 
apy advised is rational.’’—Wéisconsin Medical intestinal Tract. Diseases of the Liver and B 
Journal, Passage s Diseases of Nutrition Diseases 
‘*The simplicity of style makes a text that is easy Metabolism (By Dr. EF. H. Maso Diseases 0 
to read and should add to ease of retention of the the Ductless Glands (By Dr. E. H. Mason). Dis 
subject matter. ’’ —Northwest Medicine. eases of the Nervous Svsten By Dr. J. Norman 
‘*The author is an unusually clear headed, practi Potersen ). Diseases < I System. 
eal doctor. He recognizes the fact that symptoms Diseases of the Urinary Systen By Dr. Walter 
cause persons to consult physicians and that symp deM. Seriver). Infectious Diseases Conveved by 
toms are the most important clues to disease rid Parenteral Inoculation Diseases Due to A ergy. 
dles; so he writes at length about symptoms. No itneneen Thee te Atmesne) Wavisenmente, Diseases 


therapeutic nihilist, he covers treatment ade 
quately.’’—Southern Medicine and Surgery. 

** Altogether we feel that Dr. Meakins has made an Every main subject is broken down into subdivi 
outstanding contribution to modern medicine with sions, each of these being plainly marked and nun 


Due to Chemicals and Drugs. Index 


a work carefully prepared and an especially sound bered for quick reference. Another feature of this 
attitude toward medical treatment.’’—The Hahne book is the 32-page index wher conditions are 
mannian Monthly. alphabetically listed. 


THE C. V. MOSBY COMPANY, 3525 Pine Blvd., St. Louis, Mo. SeM-11-37 
Gentlemen: Send me Meakins’ ‘‘Practice of Medicine,’’ charging my account. The price 
is $10.00. 


Dr. Address 
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Commended by Two Book Clubs 





IN QUEST OF GORILLAS 


By 
PROFESSOR W. K. GREGORY and H. C. RAVEN 


of The American Museum of Natural History 
and Columbia University 


HE story of an expedition under the auspices of the American Museum 
of Natural History and Columbia University to collect adult gorillas in 
equatorial Africa. 


It is the outstanding book on African exploration of the past decade, ranking with such classics 
as Stanley’s ‘‘How I Found Livingstone.’’ Readable, authentic and humanly realistic, it offers 
the literary traveller the entertaining and often thrilling companionship of famous explorers. 
From the east coast through the heart of equatorial Africa the expedition wends its way westward 
in search of the giant anthropoids. Along the way, black Africa weaves its charm of mystery and 
humor until one feels with the authors the utter timelessness of jungle history. ‘‘In Quest of 
Gorillas’’ will long remain the outstanding book on African exploration; to read it is to know 
the real Africa. 


Appreciated by Scientist and Layman! f 
“The Jungle is Made Vivid” 


‘The authors are adept at relating scientific details, descriptions of nature, of people and animals i 
in flowing conversational style, weaving them together in a tale which is accurate, often beautiful, 

sometimes humorous and always entertaining and informative. ... The black people and the 

small mammals and birds become alive to the reader, and the riotous beauty of the jungle is 

made vivid.’’ Editorial Committee in Scientific Book Club Review. 


“Infectious—a Different Africa Emerges” 


‘* The authors have a generous breadth of interest, taking in geology and sleeping sickness, colonial 
administration, cloud effects over Mount Kivu, and feet, especiaily human feet. All this is set 
down with a pleasant sense of humor, a quiet insistence on sober truth-telling, and an objective 
point of view which combined with fine photographs, give a sense of reality very new in books 


about African explorations . . . for book-travellers who want to make an interesting trip with 
two stimulating and first-class minds for company.’’ Dorothy Canfield in Book-of-the-Month 
Club News. 


“A Particularly Readable Volume” 


‘*Here is one of the very best books that has been published on African adventure. It ranks j 
with that fascinating classic of Henry M. Stanley recounting his adventures in ‘How I Found 
Livingstone.’ . . . The authors have produced a particularly readable volume. The text is filled | 
with observations about contacts with the natives and the customs of tribes, with high spots of ' 
interest and humor. In addition to ethnological notes, there are stories of animal and plant life 
and vivid descriptions of jungles, lakes and mountains, . . . The authors go on to describe the ; 
search for and contact with the giants in a fascinating and thrilling fashion.’’ Raymond L. 

Ditmars in New York Herald Tribune Books. ~~ 


271 text pages; 119 pages of illustrations. $3.65 postpaid 
THE DARWIN PRESS - NEW BEDFORD, MASSACHUSETTS 
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Important New Publications 


i i NEW WORK JUST READY 


BIOLOGICAL AND CLINICAL CHEMISTRY 


! ‘ By MATTHEW STEEL, PH.D. 
Professor of Biochemistry in the Long Island College of Medicine, Brooklyn, New York 


Octavo, 770 pages, illustrated. Cloth, $8.00, net. 





This book is unique in its comprehensiveness. Into a single volume the author has successfully blended the essentials of 
theoretical biological chemistry, practical biological chemistry, biophysics and quantitative clinical chemistry, combining data 
hitherto obtainable only through the purchase of three or four volumes. It successfully covers the most difficult phase of 
the modern course in biochemistry, the presentation of the theoretical clinical aspects of the pathological conditions. While 
this work is intended primarily for classroom use, it will be found equally valuable to the physician who wishes to keep pace 
with the advances in this rapidly expanding field. 








NEW WORK JUST READY 
CLINICAL LABORATORY DIAGNOSIS 
By Samuet A. Levinson, M.S., M.D. and Ropert P. MacF ars, Cu.E., M.S. | 
Director of Laboratories, Research and Educational Hos- Assistant Director of Laboratories, Research and Educational 
pitals, Chicago, Illinois; Associate Professor of Pathol- Hospitals, Chicago, Illinois; Associate in Pathology and 
ogy and Bacteriology and Assistant Professor of Bacteriology and Instructor of Physiological Chem- 
Medicine, University of Illinois, College of istry, University of Illinois, College of Medicine, 
Medicine, Chicago, Ill. Chicago, Ill. 
Octavo, 877 pages, illustrated with 144 engravings and 18 plates, 5 in colors. Cloth, $9.50, net. 





This is a work for the student, the interne, the technician and the practicing physician. It offers a review of clinical 
| laboratory diagnosis to which are appended special chapters on legal medicine and toxicology, on pediatrics and similar 
subjects which have not hitherto received the emphasis they deserve in books of this character. The didactic subjects are 

| 9 closely correlated with the clinical diagnosis, the pathological findings are compared with the normal, the outstanding dis- 
f eases are reviewed and the fundamental principles of anatomy, physiology and biochemistry are restated as an aid to corre- 
lating normal and abnormal findings. The methods employed are those used in the Research and Educational Hospitals of 
Chicago and the laboratory routine is such as to assure reliable results in the hands of laboratory workers. 





NEW (Sth) EDITION :; JUST READY 


| A LABORATORY MANUAL OF 
| QUALITATIVE CHEMICAL ANALYSIS 


By THeEoporE J. BRaDLEY, PuM.D., A.M., B.S. 
Dean and Professor of Chemistry in the Massachusetts College of Pharmacy, Boston, Mass. 


12mo, 170 pages. Cloth, $2.25, net. 


This manual has been thoroughly revised to conform to the current (XI) United States Pharmacopoeia and the sixth 
edition of the National Formulary. It reflects the author's many years of experience in the teaching of this subject. While 
it treats qualitative analysis from a strictly pharmaceutical point of view, it gives the student a sound working knowledge that 
can be used as a basis for advanced work. It offers an original method of teaching the subject which calls for a minimum 
amount of supervision of the individual student, thereby freeing the teacher for effective work in other directions. 


WASHINGTON SQUARE 
gi. LEA &@ FEBIGER PHILADELPHIA. PA. 
Please send me books checked: 


[D Steel’s Biological and Clinical Chemistry $8.00 
[] Levinson & MacFate’s Clinical Labora- 








C—D Bradley’s Qualitative Chemical Analysis $2.25 





9.50 
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‘ General Psychology by WILLIAM STERN 


‘*There are few men alive who have contributed as significantly in as many 
fields of psychological research as has William Stern . . . this book, a fresh 
and brilliant treatment of problems of contemporary research, constitutes one 
of the most significant publications of the year.’’—The Psychological Bulletin. 
The American edition, translated by N. D. Spoerl, will be published in the late 
fall. 


Advanced Calculus by W. B. FITE 


This new text for third or fourth semester courses covers thoroughly such topics 
as Taylor’s expansion with the remainder, indefinite, improper and infinite inte- 
grals, power series, series of orthogonal functions, etc. $5.00 (probable) 


. A History of Land Mammals in the 
W estern Hemisphere by W. B. SCOTT 


The new revised edition of this unique reference work will be ready in the late 
fall. $7.50 (probable) 


* Methods of Quantitative 
Chemical Analysis by M. G. MELLON 


An entirely new organization of material makes possible the inclusion in the 
text of modern developments in quantitative analysis in close coordination with 
the classical methods. Suitable for either the semester or the full-year course. 

$3.00 


* Laboratory Manual of 
G eneral Chemistry by HARRY N. HOLMES 


The new Fourth Edition of this Manual aligns with the latest edition of the 
author’s General Chemistry. It is published in a new format, regular work- 
book size with detachable sheets perforated for re-insertion in a standard 
binder. $1.50 


ACMILLAN 60 FIFTH AVENUE NEW YORK 





